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Encoded Molecules by Translation (ElVIT) 
Technical Held of the Invention 

The present invention mlates to the field of polymers and branched molecufes 
encoded by a template. I.e. templated molecules. Furthenno,^. the invention relates 
ID methods of preparing encoded poiymere and encoded branched molecules. 

Baelcsround 

One central dogma in biology describes the flow of infbrmaUon as a one-way 
process fhom DNA to RNA to polypeptide. DNA is transcribed by a RNA polymerase 
into mRNA: and the mRNA is subsequently then translated into proiein by the 
ribosomes and vknab. 

The dlTBct lelation between DNA and protein. Le.. the fact that the sequence of 
triplet codons defines the sequence of o-amlno add residues In a polypeptide, has 
allowed the development of numerous molecular biological methods, wherein Dl^ 
may be manipulated (mutagenlzes. recomblnes. deletes, inserts, etc) and than 
used m m vivo systems (e.g.. microbes) or in vitro systems (e.g.. Zubay In vitro 
expression systems) to transfar the resulting changes from DNA level to the level of 
templated polypeptide. I.e.. to mutate, recomblne. delete, insert, etc the 
polypeptide. 



26 Several systems have been invented that allows a fl(^ of Infomiatton from 

polypeptide to DNA the so^lied rebo-genetlcs. These systems include phage 
d«piay. ribosoms/polysome display. peptWes^nHJlasmld display, and other 
systems. These systems intn«Juce a physical link between the template (e.g DNA 
or RNA) and the templated polypeptide. As a result, it is possiWe. from a population 

30 of templated polypeptides Unked to their respective templates, to fim enrich for a 
deslnsd charaderislfe of the templated polypaptide (e.g.. binding of the templated 
molecule to an affinity column), and subsequently amplify the enriched population of 
templated polypeptides through ampUficatten of its template (DNA or RNA), followed 
by translation of the amplified templates. These methods have been used to idantrfy 
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polypeptide* with novel anctfor improved featuros from Ubrariee that may consist of 
more than 10** polypeptidss. 

The critical feature of the prlorart systems is the amplifiabnily of the tempfated 
»notecute. through amplification of its template. Thus, after the aelecBon step in 
whioh molecules Mtn the dealred property are enriched, the enriched population 
maybean.plifledandihentalwnthnhighyetaeeleetionetep.etc - the process of 
selectlon-and^piWcation may be repeated many times. In this way the "noise" of 
the selection assay Is averaged out over several selectton-and^plification rounds, 
and even If ihe Individual selection step yiefd only modest enrichment e.g. lO-fold a 
theoretical enrichment of 10« can be reached after 12 selection^nd^mpiification 
pounds. 



in the field of chamlstn^. a different combinatortal approach has been developed 
This eppcoaeh Involvetf the parallel synthesis of mllllone of related compounds. In an 
army (where each position defined a specific compound), or on beads (where one 
bead carried many copies of the same compound). The population of compounds 
are then ecreened for desired characteristics. Importantly, this type of combinatorial 
llbraiy has no means for ampliflcatfon. and therefore requires the use of very 
20 stringent screening methods, as explained above. 

Principles fbr tagging chemical libraries have also been developed. For example 
systems that employed DNA oligos to tag molecule libraries have been developed 
as exemplified herein below. The tag is used as a means of Identification, but cannot 
be used to template the synthesis of the tagged molecule. Therefore, despite the 
tag, these systems stni require a very efneiont scrooning method. 

Below prior art in the field of the Invention is summarised: 

WO 0(W234S8 describes oomWnatoriai libraries, wherein each nbrary component 
comprises a nucleic add tag, which encodes the synthesis of a polymeric compound 
covalently attached thereto. The synthesis of the compound requi,es a -spHt and 
recombine- strategy. Hence, the synthesis can not be perttormed in one closed 
chamber, but requires that the library components aie split according to the 
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sequence of theJr respective nucleic add tags, before addition of a unit to the 
polymeric compound. 

EP 0 604 ssa e 1 relates to a method for synthesizing diverse colleoMons of 
ohgomers. The Inventton Involves the use of an Identifier tag to Identify th, 
sequence of monomers in an oligomer. The identifier tags facilitate subsequent 
Identification of tactions through which membeie of a libra^r of diflbront synthetic 
compounds have been syntheslsed In a component by component fashion. 

EP 0 643 776 B1 relates to encoded combinatorial chemical libraries. Each of a 
coDeCon Of polypeptwea Is labelled by an appended -genetltf- tag. itself constoicted 
by Chemical synthesis, to provide a -«t«>^enetW way of specifying each 
polypepttda. 

EP 0 773 227 A1 relates to a method for preparing a new phamiaceutical dmg or 
diagnostic reagent, which includes the step of sceenlng. against a ligand or 
receptor, a libra^' of dfffereni synthetic compounds oblatnabte by synthesis m a 
component by component fashion. 

US 4.8«8.857 relates to a method for delermining the amino add sequence of a 
polypeptidaeomplementanr to at leastaportlon of an original peptide or p«,tei„.,„ 
one aspect the method involves: (a) detem,lnlng a ««, nucleotide sequence of a firat 
nude,c acw coding for the biosynthesis of at least a portion of the original peptide or 
protein: (b) aacertalnfng a second nucleotide sequence of a second nucleic acid 
Which basen^im with the flmt mJcieoBde sequence of the first nudelc acid, the fi«t 
and aaoond nudeib acids pairing in antlpareltol directions; and (c) detem, Wng the 
amino acid sequence of the complementary polypeptide by the second nucleotide 
sequence when read In the same reading frame as the fim nucleotide sequence. 

US 5.162.218 .elates to polypeptide compositions having a binding site specific for a 
particular target ligand and ftjrther having an active functionality proximate the 
binding site. The active fanclicnality may be a reporter molecule. In which case the 
polypeptide compositions am useful in perfom,ing assays for the taiget ligand. Also 
disclosed are methods for preparing polypeptides having active functionalities 
praximate their binding site, said method comprising the step of combining the 
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arched the^to. The reac«va ^roup Is then cova.e„«y attached to an a«.no add 
side cha. p«e the b^ing site and deaved ftom the subslraia. The 8ub*t«te 

Itri^l' T"' ' """^ ^"'"P .Hached to 

«« polypeptide. The active fUnctlcnanty may then be attached to the moiety. 

US 5.270.1 70 relates to a random peptWa Obrary constructed by t«,n»fo«nlna host 

y DNA bhding protein. The fusion protein can boused fbr screening Ilgands. T7,e 
^ing method resu«srntheforn»tfc.nofacomptexcompH3lngth^ 
bound lo a ^ptor through the random peptide llgand and toihe .ecomblnart DNA 
vector through the DNA binding protein. moinantDNA 

US &574.141 .elates tdlunctlonalteed carrier materials far the simultaneoua 
synthesis and direct labeuing of oligonucleotides as primes for templateslependent 

ac^ buUd«g blocKs which in turn contain .abelling groups or precurson, thereoT The 

pc-ymer^coarrlerloaded in this way servesasasolld or liquid pha^ 

assembly of ollgonudeotldee which can be used as primere fbr a template. 

dependent enzyrrjauc nucleic acid synthesis such as In ^^^^ 

fli© polymerase chain rea«Aon(PCR). » y «rin 

US 5.573.905 relates to an encoded combinatorial chemical library comprisino a 

el-aonucleobde sequence that defines the structure of the chemical polymer Also 

^scril^aretheblfuncaona/moleculesoftheflbrary.andmetho^^^^^ 

^my to Klentify chemical stmctures within the Hb«,y that bind to biological^ active 

molecules in pre^lected binding Interactions. 

US 5.597.6S7 relates to a screening assay for Inhibitors and adivatars of RNA and 

2;^ependentnuclelcacid polymerases. Theinvenuon provides m 
.de«on and dtecovary Of agents Which a^lnhlbl^^ 
DMAKlependent nucleic acid polymerases. The essentia, feature of the invention Is 
the .nccrporaticn of a functional polymerase binding site sequence (PBS) into a 
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nudelcadd moleoule which Is chosen for its abifity to confer a dtecernlbte 
eh^cterfsHc via Its sequence specific acHvfty such that the Incorporation of the 

RNA or DNA-template directed nucleic acid polyme«sa. in the p««ence of the 
polymerase, suitable primer molecules, and any necessary accessoor molecules 
catalytic extension of the strend of nucleic adds complementary to the template ' 
ocam..n»sifltJn8fnapartlalortotalenmlnattohof(ormcma^ 

e^ltrl''*^'^'^*"''''^'*''"*^'''''*"''"^'"^ 

effects of the complementaor shiand or other polyme.«e-medlaied efteds. 

US 5.839.603 relates to a method for synthesizing and screening molecular diversity 

ITT ^"""^ '^'^ for synthesizing compounds. The method 

can be used to gsnemte Jarge collectlcns of tagged compounds that can be 
screened to WentMy and 'solate compounds with useiui properties. 

2ZTf^ ^ morphollnc«ubunit combinatorial librao. and a method for 

generating a compound capable of inteiacting spedflcaHy with a selected 
maeromolecular llgand. The method Involves conlactlna the ilgand with a 
combinatorial libranr of oligomers composed of morpholfno subunits with a variety of 
nuclsobase and non^udeobase side chains. Oligomer molecules that bind 

detet^!". *ir" T!^' 

IT ^ oomblnatonal library of oligomere useful in the 

method and novel morphollno^bunit polymer compositions. 

compounds by means of a general stochastlo method for synthesizing random 
oftgomer^ on particles. A further aspect of the invention relates to the use of 

T T '^'^ ^ <tf the 

monomers fn the oligomer. 

l!!df ITh.*^"^ a novel dasa of compounds. Known as peptide nucteic 
acids. wh,ch bind complementanr DNA and RNA strands more strongly than the 

solubLty. The peptide nucleic adds comprise llgands selected from a 
consisting of naturally-occuning nucteobases ar«l non-naturaJly-occun-ing 



I 



6 



le/Oe 2003 BUN 18:24 FAX 

13007/040 



d 

r^dMbasBs attached to a poiyamide backbone, and contain alkyiamine oide 



5 ZtZT. , '"""binatonal chemical nbrarles encoded wfth 
^ combinatoria. chemistry is provided, whereby sequer^tia, syntheUc 
«he,^ a« r^r^ uomg crganfc molecules, which define choice of reactant 
and etege aatheaameor different bit of information. Various products can be ' 

d^ K,"" "•"S*'^^'^'*^' ^ to oeflne a plurality of choicer with only a few 
detochable tags. The partldes may be ^ened tor a charactorbtio of interest 
^^.cuar^ ^d.ngafflnfty.wherethapn«.uc.e.ey^ 

-^med on the particle, "me reaction history of the padiotee which a,« poeL for 
16 define the reaction hlstdry of the particle. 

US 6.723.598 relates to an encoded combinatorial chemlcai Ebi^ry comprised of a 
ollflonucleotide sequence that defines the structure of the chemical polymer. Also 

"br^ to Ident^ chemical etmctores within the lib™^ that bind to blologicait active 
molecules ,n preselected binding Intewctlons. a raiiy active 

r^ul? ^ to synthesize 

compounds to sc«en for desfred properties. The use of identification togs on the 
o«gome« fadlitstes WenfificeUon of ofigomen* with desl^d properties. 

30 Zlf^LZ """"" '""'^ ««« o^alns. A 

anTe!hfb? ? '"''^ «*™"9'y «.an the corresponding ONAor RNA st Jds. 
comprise llgands selected from a gmup consisting of naturaliy-occurrino 

36 T -^'-obases attached to a potyamide 

35 backbone, and contain alkyiamFne side chains. h y ue 
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f « fynmesis. can be desndyptsd to provide the struetuM 
compound found on the support. ^* 
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peptldBs and antibodies are Identified by methods for affinity screening of 
polysomes displaying nasoent peptides. 

US 5.958.703 relates to methods for soeening libraries of complexes Ibr 
compounds having a desl-ed property such as the capacity to bind to a cellular 
rsoeptor. The complexes In such libraries comprise a compound under test, a tag 
recording at least one step l„ synthesis of the compound, and a tether susceptible to 
modification by a reporter molecule. Modlficatfon of the tether fa used to efgrtfy that 
a complex contains a compound having a desired property. The tag can be decoded 
to reveal at least one step in the synthesis of such a compound 

ZT'T ''"'^ "^'^ °' 

strands and one nucleic add strand. Peptide nucleic acids and analoguas of peptide 

am used to modulate protein activity through, fbr example, banscriptlon arrast 
transcription initiation, and site specific cleavage of nucleic adds. 

US 5.998.140 relates to methods and compositions for fom^Ing complexes 

P^«iiady omoga^lno adds, and a polarend group. By appropriate choice of 

target sequences and composition oftheoliflomen, complexes areobtalned with 
low dissociation constants, 

25 US 6.060.598 relates to an an encoded coml,ina,orlaI chemical library comprised of 
apK.ra,.^Ob«Unc.,o„al^^^^^^^ 

de«:ribed are «,e b,functlona. molecules of the Ubrary. and methods of Lng the 
30 nioleculesfn preselected binding intereelione. 

0S6 080.826 relates to Tompiatc-dlrocted ring-coslng metathesis and rlngn^penlng 
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methodstormaldhg the same are dlsdosed.Me*^^^ 
rt«8-clos.n9 metathesis (-ROM-) of «U^cUo^a«^ed acydic dlenes and template- 
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^ depo!ymen«t.on of fUncttonaltod polymers possessing regularly spaced 
sites Of unsaturalton. Although U« templa.. species may be any anion. caZ or 
dipolar compound, cattonfc species, especially alkali metals, are prefenetf 
FuncHonalized polymers v«th regularty spaced site« of «nsati.ratlon and methods for 
matangthe same are also disclosed. One method for synthesfelng these polymers Is 
by rjng^penlng metathesis polymedzatbn (-ROMP-) of functlonalteed cydlc olefins. 

US e.127.154 relates to compounds which possess a complementav structure to a 
desired molecule, such as a blomolecule. In particular polymeric or oHgomeric 

are provided. Also, various methods tor piodudng such compounds are p«vlded. 

US 6.140 493 relates to a method ,6r synthesiting diVe«e ooltectlons of oliaome,,. 
A general stochastic method for synthestelng random ollgomem la dfedosed end 

r '^'^^'^ P"^^'- ^^nw-catlon 

tags on the oligomers fadKtatee identHicatlon of oligomers with desired pmpertJes. 

U8 6 140.496 relates to building blocks for prepering oUgonudeoBdes carrying non. 
atendani nuceobases that can pair with complementary non-standa«l nudeobases 
»aslo«the WWson^dcK geometry. The lesultlng base pair joins a monocyclic 
s^ membenad ring pairing with a ft.sed bicycwc hete«,cyc»c ring system composed 
Of e five member ring fused with a six member ring, with the orientation of the 
heterocycles with respect to each other and with respect to the backbone chain 
an^ogcuato that found In DNAand RNA. butwith a pattern of hydrogen bonds 
hoWuig the base pair together different from that found In the AT end OC base pa«s 
<a"hon-6tandard base pall-). v^voasepans 

US ej43.4gr relates to a method for synthesizing diverse coltections of mndom 
oflgomers on parfdes by means of a general stochastic method. Also disclosed are 
«l-ntrflcat.on tags located on the particles and used to facilitate Identmoation of uT 
sequence of the monomeis in the oligomer. 

US 6.165,717 relates to a general stochasHc method for synthesizing random 
2^^^ 'T'" """^ ««n«fioatlon tags located on the particles 

to faolltatB Identification of the sequence Of the monomer. 10 the oligomer 
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us 6,1 75.001 relates to funcHonalized pyrimidine nucfeosides and nuoteotides and 
DNAs aicorporatlog same. The modified pyrimidine nudeoBdes are deriveti«d at 
C5 to corrtain a functtonai gnaup that mim.cs the property of standard amino add 
residues. DNA molecules containing the modified nucleotides are also pravided. 

US 6,184.650 B1 relates to systematic polypeptida evohitJon by reverse translation 
m partcular a method for preparing polypeptide llgands of ta^t molecu.es wherein 
candidate mixtures comprised of ribosome complexes or mRNApolypeptlde 
copolymers are partitioned relative to their affinity to the target end ampifiied to 
otM a new candidate mixture enriched in ribosome complexes or 
mRNA:polypBptide copolymers with an affinity to the taiset. 

US6,207.446B1 elates to methods and reagents for the seledion of protein 
16 ™>'«wles that make use of RNA-protein fusions. 

US 6.214.5S3 B1 -elates to methods and reagents for the selectlbn of protein 
molecules that make use of RMArprolsin fusions. 

WO 9l/oa>58 relates to a method for the ceil-free synthesis and isolation of novel 
gen« and polypeptides. An expression unit is constnioted onto wh.ch seml^arKiom 

J^t^! Z.T"' '™ sequences are 

first transcribed to produce RNA. and then translated under conditions such that 

'''^"^ ^ '-^^ then 

isolated and disrupted; and the released mRNA is recovered. The mRNA Is used to 
construct cDNA which is expressed to pwduoe novel polypeptides. 

WO g2rt)2536 relates to a method for preparing polypeptide llgands of target 
moteculea wherein candidate mixtures comprised of ribosome complexes or 
mRNArpolypeptlde copolymers are partitfoned relative to their afUnity to the ta«et 
ai^ amplified to create a new candidate mbdure enriched In ribosome complexes or 
mRNA:poiypaptide copolymers with an afflnlty to the target 
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WO 93«)3172 relates to a method for preparing polypeptide ligands of target 
molecules wherein candidate mixtures comprised of ribosome complexes or 
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^I^T^ copolymers ^re partitioned relative to their affinity to the target 
mRNArpolypeptkte copolymere with an affinity to the target. 

HIl^'^' tlT' *° ^ '^'^ synthesizing random 

^^JUTT^- '^-"««««on tags located on the partlCes 

to fadtltate Identtflcatlo,* of the sequence of tt,e monomers in the oiigorr^r. 

WO 00/47775 relates to a method far generating RNA^»rotern fUsfons Involving a 
high-salt post-translatlonal step. "nvavinga 

Addffional references of relevance for present liwentton Indudee Bain et al Nature 
vol. 366 1992. 537-539; Barbae et aL Chem. ,„t Ed. vol. 37. 1 998. 
Banner Reviews: Blanco et al. Analytical Biochemisfo. vol. 163. 1987. 537^ 
^nrjer et al. Proc. Natl. Acad. SCI. Vol. 89. 1992. 5381 -5383; Bresl. 

49. 1989. 121-129: Gryaznov et al. J. Am. Chem. Soc. vol. 115. 1993. 380M809- 

^5-128 H^^r^ n"'"^ BlochlmicaetB.ophy.lca Acta. 213. 1970. 
115-123 Hamza A. El-Dorry Biochimioa et Blophysica Ada vol, 867. 1966 262.255- 
Herrer^-Eslrella et al. The EMBO Journal. 7. 1988. 4055^2; Haywood etT 

25 1986 t !?^*'^'^®'®'^^*-''^"«°"«*al.BlochB^^ 

Acad Sd. USA vol. 91. 1994. 9022-9026: Wenninger et al. Antlmic«>blal Agents 

240. 1971. 237-243. Mirzabekov Methods in Enzymology vol. 170. 1989. 386-408- 

vol. 24, 1989, 182-188: Pashev el al. TIBS vol. 16, 1991. 323-326; Pargellls et al 
The Joumalof Biologloa. ChenUstry. 263. 1988. 7678-7686: Pans.^re.r4e 
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ioumrt of btoiogicsi chemistiy voices. 1990. 10637-1 0644: Peoters et al FEBS 
Lett. vol. 35. 1973. 217^1: Roberts et al. Proc. Natl. Acad. Sd. USA vol. 84 1997 
12297-12302: Schmidt et ai. Nucleic Adda Research vol. 25. 1997. 4797^02- 
Schutz et al. Nucleic Acids Research. 4. 1 977. 71-84; Solomon et al. Proa Nad 
Acad. Sd USA vol. 82. 1985.6470^474; Sugino et al. Nucleic Adds Researeh. 8. 
1980. 38eM874: Tarasow et aL Nudeic Adda Sdences vol. 48. 1998. 29-37- 
VWegand et al. Chemfstiy and Biotogy vol. 4. 1997. 675-683; and Wower et al 
Pioo. Natl. Acad. Sci. USA.. 86. 1989. 6232-5236, Hodges Blodiem. Cell Bid. 74 
1995. 133-154: Lupas TIBS 21. 1996. 375-382: Mendel et al. Annu Rev Blopltya. 
Bfomol. Stmct 24. 1995. 435-62; Craik et al. Toxicon. 39. 2001 . 43-60. Shimteu et al 
Nature Biotecfi. 19. 2001 . 751-755. Kfrechenbaum et al. Curr Opin Struc Biology 9 
1 999. S30-63S. Pidceifigai et al. J Biol. Chem. 273. 1 998. 24660-64. Houston et al ' 
Blodiemlstry. 35. 1998. 10041-50. Harbuiy et al. Science 282. 1998 1482- 
67.Tonlolo et aL TIBS 16. 1991. 350-53: Fitzgerald DDT 5. 2000. 263-58. Zhou et al 
J Am Cham Soo 2002 preprint Robertson et al. Nudeic adds Res. 1989. 17, 9649- 
9858. Robertson et al. J Am Chem Sec 1991 113. 2722-2929. Mohler et'al J 
Pharmacol Exp Ther 2002. 300. 2-8; Kurz et al. Nudelo Adds Res. 2000.. 

Poly-pepHde synthesis by ribosomes involves peplidyl transferase activity 
coonfflnating the interaction of a carboxy group of an a-amino add in the ribosomal 
P-elte and the amino group of an «-amlno addlnthe A-site fomiing en amide bond 
successive addltiona of a-amino adds results In fom«tlon of an o-peptide (protein). 
Bach amirio add Js presented In the n-bosome by an amino add-spedfic tRNA that 
read (decode) the template mRNA. The sequence of an mRNA is "decoded" In 
Increments of fhr^a nudeotldes (a codon) spediying a single amino-add. 
Consequently, a nudeotlde diversity of 4 (G. A. U. C) In RNA and a triple nudeotlde 
(codon) read-out v.111 produce 64 dHf^m codon sequences each corresponding to 
an a-amino acid or protein factors necessary for translation termination. In almost all 
natural systems only 20 amino adds specified by 61 codons are Incorporated into 
protons. Though nature only employs 20 standard amino adds many non-standard 
ammo acids (NS-AA) and pseudo-amlno acids have been Incorporated into proteins 
both In vrtro and in vivo (Uu el al 1999). A non-exhaustive list of non-standard amino 
adds and pseudo amino adds Incorporated Into pratoins during the process of 
translation is shown In figure 3. 
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The Chemical diverefty of amino add residues provide a valuable tool for the 

|«mfl«8la Of 8 random or semi^m m,ran. Of peptide moiec^^^^ 

in situ translaton (and tmnscrlptlon) in extracts of prakaryotfo or eukan^^^ 
Rt.m such «b^rt.s it IS possible to select motecules of daafrad functionality b«ed 

w^n opernfcg large libraries of for example lO^dttferent molecules ft Is practically 
fmpossiwe to aeieot and Identify alnjle molecules of desired properties In a single 
steMn order to isolate speclfio peptide eequenoes with mievant charaCerfeUcs. It Is 
2^sary to Include a "ret«,^enefic elemanr preferably a DNA or RNA sequence. 
«^templates the synthesis of the peptide sequence. Thfe retm^„«lc eirment 
enatMe amplrflcatlon of a nuoteotlde sequence that encodes a specific peptide 
sequence having ralevani p,ope,tles. FurO,em»«. the nrtro-geneUo element allows 
mul^erounds Of selection and amplication Of 

thelsolatlonofunIquepeptldesf«,mla,gellbrarIe5. Consequently, seveml 
p«>cedu«»s have been developed that allows the fomiatlon of nucleic acld-pep«de 

rr^n.!' ^«^"-«"»-"°-«-.ent coupling between a peptide 
and the RNA orDNAthatencodesaW peptide. 

Peptide Display (SPERT - Systematic Polypeptide Evolution by Reverse 

J^^J IT'"' ^""^^ ^ - the art. describes peptide 

sj^ls by rlbosome, end the ,bm««lon Of Hbosome-mR^^^^ 
.ncomplete peptlda synthesis (I.e. Hbosome stalling,. Rlbosome.mRISMH.a,^e 

compiaxea wrth des.red p«»per«es. Subsequent amplification using reverse 
transcnption and the polymerase chain maction (PCR) of co^elected RNA 
sequenc^ pem^fts rnuitlpte selecder, and amplification rounds until a pool of peptide 
products having deslwd ohan«terlstlcs a«» obtained (patent no.: US.6.1 64.660 B1). 

PROF„e,on. a protocol acknowledged by those skilled In the art. describes the 
^"^^ to the of the mRIM which encodes ssid 
ZZ'^^TT.^'^'' ^^^^^^•''^P'«<«««'«''testhesyntheslsofa 
1Z° T'"^ can be used for selection and isolation of 

Peptde molecules with des.red properties. Subsequently. ,he protein sequence 
|n^abon is recovered by amplification of the appended mRNA molecule using 
f^rse tmnsriptlcn and PCR or equivalent techniques. lT,e RNA-proteln fus J 
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pemn rapeated rounds of sereclion and amplification allowing enrichment of 
peptides with retevant characteristics (patent r«..: US 6.214^53 B1). 

RIDS (Ribosome InacUvatlon Display System). Is a protocol dason-bing the 
connectJon between genotype and phenotype by formation of a stable complex 
between a rtboaome. an mRNA and its translated protein. The coupHng is based on 
fte transJalfoo of the ridn A chain which enables oiSHnacMvatton of the ribosome 
Thus predBtem,ined sequaneaa for Htmry symheaia by translafion are fUsed to the 
ncin A gene. Following synthesis of the paptlde-ndn A fusion pmdude the ribosome 
.s ,nact.vated forming stable ribosome-mRNA-pepticla temaor complexes enabling 
selacBon of pepHdea having desired properties. Followfng selecUon. the appended 
genetic sequence of is amplified by revaise Iranscrtption and PCR 
The RNA-fusion product pemtits repeated rounds of selection and ampBHcatlon 

1 6 ir^T""'"* °' ^"^^ """^ <2*«" Am. Cham, 

lo sots. 2002. In press. 

Covalem Display Tech«„ogy. e pmtoeol descrtbing the coupHng of a DNA 
template and the peptide encoded by said DMA template. A PNA template 
comprising pnedetem^ined sequences lused to the p2A gene sequence ofEooff 
bactenophage T2. Following transcripUon and translation each fusion peptide 
Pioduct pnxluces a oovalent attachment between seld peptides and the DNA 

fused to their corresponding DNA templates can be used tor aalecHon of relevanl 
peptides and subsequent amplification of the appended DNA template by 

.K^CZ*" T" '^'^ ^'^"^^^ ^'^ ampracation allows for 

the isolation of peptide sequences wflh desired properties. 



20 
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Summary of the Invention 



3S 



Ao«««tf process In biology is the formation of polypeptides Involving ribosome 

r ^^^^-^ (^^^ TWs p„,ceas converts the genetic 
nfomiatton encoded by mRNAs into specific sequences of alpha^mlno^clds 
forming the polypeptides (proteins) that perfom. nearfy all blologlcar praoesses 
Within a living ceH. 



IS 



18/08 2003 KAN 18:27 FAS 

Q 016/040 



15 



10 



15 



20 



25 



30 



35 



Hence, biological systems allow template-directed synthesis of alpha^epiidesby 
tho process of ribosome mediated translation of a mossengerJ^NA (mRNA) 
template. The present invention describes a system that allows template^irected 
aynftesls of other types of polymers and branched moteculas in addiUon toelpha- 
pepbdes. Polymers or branched molecules syntheslsad by temptete^irected 
synmsas (see definition herein below)are designated templated molecules 
througliout the description. 

Templated molecules comprise a plurality ot functional groups that ai« Hni^ 
toge«,er forming a polymer or a bmnched molecule. Each functional group is usually 
™t.a^ umied to an amino acid or amino acid-like enlNy (non^er,dard amino acid or 
pseudo amino add) and thus constitutes a non-standa«l sidegroup of said amino 
aad or ammo acSd-«ke entity. Upon translation of a p^detamtined mRNA template 
the .ncorporatior. of aminc^edds car^^ non-standa-xJ sIdegnMips produce peptides 
carryng appended funeiional entitles. The appended funclional entities can 

templated molecule United to Hs template. 

The present invention describes methods to synthesise. select, amplify and Isolete 
templated mdecufes of desired properties. In particular, the invention overcomes 
some Of the Inherent limitations of the technologies described In the prior art. 

are not limited to ^peptides or modified a^peptides. The piesent invention enables 
the synthesis of templated molecules sucl. as p -. y „ peptides, carbopeptoids 
v^nylogous peptides, ollgoanthrilamides; cllgoureas. azapeptides (azatldes) 
ollgocarbamates. PNA. ollgopyrroiinones. vinylogous sulfonamidopeptide, peptoids 
azapeptoids or hydrazine peptides. Furthemu,,* it is possible to synthesise 
templated molecules comprising heterocyclic components Ibr example coumarins 
and qumolones. pyrazolone, isoxazolone. pyrimidlones. phthalhydraadea. 
diketopiperazines, hydantdns and benzodiazepines. 

Thus, the Invention relates to a method for templating molecules. Tho invention also 
relates to a method for covalent or non-covalent coupling between a template and 
templated molecule that in preferred embodiments eneble amplification of the 
templated molecute by amplWcatlon of the template encoding IL 



16 



ie/08 2003 MAN 18:27 FAX 



10 



15 



20 



25 



30 



16 



tint IT. ^'"^""^^ °' ^'^"^ ^"'""^-^ flow ftom 

template to templated molecule), as well as the recently Invented n-bosome- 

m«ibtBdsysten«(e.fl..PROFu«lo„). namely the ptvsrca. link te^ 
andthetemplatedmoiecute. 

Accordingly. ftteafi,«tol,Jactlvec.fthepr^^ ^,^,,3,^ 

rl T"^ a templated molecule comprising a plu«my of ftincHonal groups. eaW 
method comprising the steps of f . o"* 

0 provrding at least one template comprising a sequence of n coding 

alemerts selected from the group consisting of ft^ coding elements and 
second coding elements^ 

Wherein each coding element compHses at least one recognition group 
capable of reoogniaing a predetemUned complementing element, and 

wherein n is an Integer of at least 3, 

with (he proviso that the template comprises at least 3 first coding 
elements. 



35 



providing a plurality of building blocks selected from the group constating 
Of first buflding WocKs and second buHdJng blocks, with the proviso that at 
least 3 first buiMing blocks are provided. 

wherein each first building block comprises 

a) at least one complementing entity comprising a first complBmenHng 
element comprising at least one recognition group capable of 
recognising a predetemilned flrst coding elemant. 

b) at least one functional entity comprising at least one functional group 
and at least one functional entity reactive group, and 
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c) at least one spacer comprising at teast one spacer reectfve group, 
wherein the spacer is separating the at least one lUnctlonal entity 
from the at least one complementing BnOfy. ana 

wherein each second bunding block comprises 

a) at least one complementing entity comprising a second 
complementing element comprising at least one recognition group 
capable of recognteing a predetsimlned second coding element. 

b) and at least one spacer comprising at least one spacer reactive 
group, 

complementing coding elements by contacting each coding element with 
a building blocic complementing element capable of recognising said 
coding element, wherein at least 2 coding elements are interacting with 
complementing elements a'multineously. 

with the proviso that a total of at least 3 firet coding elements are 
complemented: and 

forming a spacer bacltbone by linldng neighbouring spacers in a 
rfbosome catalysed reaction, by means of reacting spacer reactive 
groups, and 



35 



obtaining a templafed molecule comprising at leaet 8 covaiently Unked. 
functional groups by nnking. by means of reacKrtg AjncUonal entity 
reactive groups, a functional group of one functicnai entity to a lUnctlonal 
gmup of another adjacently positioned functional entity and finking said 
other ftjncttonal entity to yet another adjacentty positioned functional 
entity. 

In one embodiment the present invention relates to the formation of branched 
molecules comprising a scaffold capable of fbmiing at least 3 covalent bonds to 
functional groups by means of readions between reactive groups on the scaffold 
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and reacttve groups of at least 3 fumrttonal enttUes. Fomiation of branched 
molecutos enables the tbrmathm of; 

1) Mono. <B, tri and oligo functional open-chain hydrecarbona. 

2) Mono, di, iri and ollgofunctional non^romaUc caiboeyi^s. 
Monocyclic, bicyctic. tricyclic and potycycKc hydrocartons. Bridged 
poiycyolio hydrocarborta. 

3) Mono. dl. tri. and oligofijnetional non-aromatic heterocydes. Mono, 
bl. tri and polycyclic heterocycles. Bridged pofypydic hetarocyclea. 

4) iMono. di. til and oligo functional aromatic carcocydes. Mono. bi. 
triand poiyoycflc aromatic carbocydes. 

5) and oligoftinctional aromatic heterocycles. Mono, bi. tri 
and poiyc^clio heterocycles 

6) Chelates. 

7) FuDerenes 

"'^ ®) Any comblnaQon of the above. 
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It .s a second objective of the present Invention to provide templated molecules 
covalently linked to the template encoding said templated molecule, wherein said 
templated molecule comprises at least 3 covalently linked functional groups, each 
encoded by a coding element of said template, with the proviso, that the templated 
molecule ia not an a-p<tfypeptide. 

It is a third objective of the present Invention to provide a pJuraUty of templated 
molecules, wherein the plurality comprises at least 1000 different templated 
mdecures and wherein said templated molecule comprises at least 3 covalently 
Hnked. functional groups, each encoded by a coding element of a template, with the 
proviso, that the templated molecule is not an o-polypepflde. 



30 Definitions 

Activation 



Acfivatlon Of 9 templated molecule Involves cleaving one or more of the deavable 
finkers that eonneot functional entiUea to the spacer backbone. 
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Adlacentlv posMnnori 

The adjacent^ positioned functiona. entities of any given functional entity arethe 
fancfonal enUUes. which are efther closest to said given functional entity in 3 
dimensional space or which are most Bicely to «act chemically with the gTven 
fiJncttonal enllly. s en 

P^erawy. adjacently positioned functional entitles of any given functional entity are 
«» ft«cHona, anHties. which are most litely to .*act with said functional enttty. Often 
*I8 W.I1 be the functional entity that are cteeeet to said lUnctkwal on«ly ft, 3 

ftmrtionai enatfes is on average Jess than 50 A. even more prefembiy less than 20 A 
and most prefeiabiy leas thanio A. r «nan -^u a 

h, one preferred embodiment a^centfer positioned refe«, to h«» functional entWes 
that are neighbouring on the spacer backbone. 
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Amino aft|^pj,pl;t^,^ 



Tha term amino acid residue" is meant to encompass amino acids, either standee, 

amino acws or psaudo^mlno adds. wWch have been 

3^2^ r ^ '^^ '^'^^ 3. such as mom than 

3 Other species. 

in p^tor amino add residues may comprise an acyl bond in piace of a free 
Ittr"'"^" " amlne-bondandfor amide bond In place of a free amine 
9«>up. Furthermore, reacted amino adds .esidoes may comprise an ester or 
Ihioester bond in place of an amide bond 

AmpJ,^.onAmp.Mca«on according to the present invention is tho p«,ccss wherein 
IZTT ,T ' •ynlheslsed. without emptoying 

t)o amplinod oven though the exact composition of said template Is unknown. 
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in one prefenod embodlnr«„t of the present invention ampilficatton of a template 
comprises the pwcese whei^ln a temptate is copied by a nudeic acid polymerase or 
polymerase homorogue. for example a DNA polymerase or an RNA polymerase. Fbr 
^mple. templates may be amplified using reverse transcriptton. the polymerase 
diajn reaction (PCR). ligase chain reaction (LCR). In vivo amplification of cloned 
DNA. and «imHar procedures capable of complementing a nucleic acid sequence. 

Antlcotfap 



10 



»An anficodon Is a sequence of 3 ribonucleotides that can pair with the bases of a 
correspondlnfl eodon on a mossenger RNA. 

In oertem aspects of the Invention It may be favourable to design antloodone that 
comprise more than 3 nucleotides, such as 4 ribonucleotides, such as 6 
ribonucleotides, such as 6 ribonucleotides, such as more than 6 rIbonucleoUdes. for 
example 8 rlbonucteofides or for example 10 ribonucleotides. 
Buildiiw. Mi^^ 
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Building blocte according to the present Invention may be selected ftem the group 
consisting of first buflding blocks and second building blocks. 

A first bulkling block according to the present Invention oomprtees; 

at least one complementing entity comprieing a first complementina element 
c^T-pri^ng at least one recognition group capable of recognising a predetermined 
tirst coding efemant, 

at least one funcUonal entity comprising at least one functional gmup and at toast 
one functional entity reactive group, and 

at least one spacer comprising at least ono spacer reactive group, wherein the 
spacer is separaUng the at least one fiinctfonal entity f«,m the at least one 
complementing entity. 
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Preferably, the fiinctional enthy is separated fwm the spacer by a deavable linker. 

A specific example of a first building block Is depleted in figure 4A. 

A second bulldlrtg block according to the prewnt Invention comprises: 

at least one complemerrtinfl entity comprising a second complementing element 
comprising at least one recognltton group capable of recognising a predetermined 
second coding element 

and at least one spacer comprising at least one spacer reactive group. 
A specific example of a second buMng block is depicted In figure 4B. 



IS Charainq 



Chargl,^ « the step In the synthesis of a first cr a second buikfing block. In which a 
spacer is coupled to a complementing en%. In a preften-ed aspect this reters to 
addrtion of FE-AA. standard amino add. non^ndanJ amino acki. peeudo^Milno 
acids or precursors thereof to a tRNA or pre-tRNA or tRNA like strn^ by a 
chemical or enzymaiic reaction. 



Hence, the term -charged tRNA" refers to a tRNA covalenHy attached to a spacer 
such as a FE-AA. standard amino acid, non^rtandartf amino add. pseudo^mino ' 
acids or precursors (hareof. 



CPeavable linfeflr 



A cleavabie linker accordfng to the present Invention is a residue or chemical bond 
capable of being cleaved under specific predetermined conditions. Preferably, 
deavable linkers are separating a spacer and a functional entity of a first building 
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Non^h^ting ex.mpl.s of C^Wa finlcar. that may ba amptoyed w.th the prasarft 
invantlon aie given In f^ure 10. 



lnl««cta with ieaa efficiency with theae other complementing elamama. 

firat coding atemant compriaea at least one recogniifan g«up oapabte of 
recognising a predatennined first compiamanting element 

^^r"^ "r""* '^'"^^^^on. recognition g^up capab.eof 
recognising a pradetemilned aecond complementing elemem. 

25 analogues, and any comblnatton thereof, auch as oligonucleotides or oligom^rde 

0 Eachcoding element may conalata of any daafmbia number of nucleotidea 

nucleo^de de«vat.vea and/or nucleotide analogues, for example 1. suchl^ 2 for 
a«mp^.auchas4.for example 5. su^aa5tol0.forexeUl0to" 
nucleotide anatoguea. P«ferably. each coding element conaiata of 3 of nudaotldaa. 
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Coding erBn^ents accor^fng u. the present invandon must be capable of serving as a 
P«>iypepifdedarivafiveorapdypeptldaanalogue. '^^PtWe.a 
Codon 



imantfnnar^ffly 
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A complBmBnffng entfty according to the present invention to an entity that 

a'^Zari""''''"'"""'''''^"*- ""'^'^'"^^ compiementlngenmy 
acooKling to the p^ent inventton comprises only one compiementlnB «ieLt 

IZZ'^T P«»ent Invenbon the compiemenUno element 

comprises «,d even more pnsfarabiy consists of nucleo^des andtor nuclLide 
anaiogues ^ ^^^^^^^ setelar^the 

0~«P conslsling of DMA. RNA. LNA. Pm and moctures thereof. 

iTor«^i:Tr"^'''^ 

or u^NAriiKe structure Bv tRN a Uka t 

„ ^ • "^'^'^ structure Is meant any structure, vflilch 

«ffln perform the ftjnction of tlWA that le , ^ 

eynthesis of a poiypaptWe. a poiypeptido derivative or a poiypepWde anatogue. 
another ambodlmentof present invention the complementing en.tyisapseudo,;n^ 
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O^P^^nemmgelementsaccorting to the present In^^^^^^ 
mcogn-bon g^up capable of ^cognising a p,«letemlned coding element, 
.n^r^' T T""'^' "'"Ptementfng etement Is capable of spedflceUy 
interacting with the predetermined coding element, and accordingly the 

Ztrf"*: '^'^'"^ '"^^-^^''S •^"'^r coding 

elemente. or mteracts with less effidonq, with these other coding elements. 

A complementing element according to the p,«sa^^ 
«je^g«.pcon.st.g Of ««t complementing elemem^ 

one reoognrt.on group capable of recognising a predetermined first coding elame^ 

^cond complemonting elements according to the present Invention comprise at 

l^rr"""" ^ ^^'^"^ ' P-determined second coding 

,sZ VWhen comprised within a building Wod, a second complementing elemem 
is compnsed within a second building block. 

selected ftiom the group consisting of nucleotides, nucleotide derivaUves. 

r^r^T ^ onsonucleotides or 

ojigonucleotrcfe analogues. 

nucleotide dedvallves and/or nucleotide analogues. For example each 
more than 20 nwcleoHdes. nucleotide derivative, and/or nucleotide analogues 
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P^fe«bV. tha nucleotides may be selected ftom the group consisting of ribonucleic 
adds conjpneing a base selected from edenlne (A). u«dl (U). guanine <G). and 
cytoslne (C) and derivatives and analogues thereof. 

In one embodiment the complementing element may be an anticodon. 
Deeodinq 

The process during translation in which the complementing element of a buMng 
block interacts, by hybridisation, with the coding element of a template, thereby 
fadltotag synthesis of a spacer backbone mediated by the cataly«o activity of a 

ir T"^'"^ ''^ """^^ '"'^"3 ^^^^^'^^o" v»»»'eln an anticodon 

of a «NA molecule hybridise to the complementary codon of a template sequence 
«he«by fadntatmg the ribosome mediated fom,atlon of a covalent bond betlen t«o 
spacer reactive groups. i»sn«wo 
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FuncBonal^pt^pgy 

A funcfional entity according to the present invention comprises a functional 
groupcs) and fiinctfonal antily raacUve 9roup(s) capable of Ifnking adjacently 

b'^drC"^"'""''''"^'"^'^"""^'"^'"^^ 

The ftjnollonal entity may comprise any desirable number of functional entity 
»a«lve groups, for example the functional entity may comprise more at leastone. 
«uch es 2. for example 3. such as 4. fbr example 5. such as me« than 5 functional 

entity reactive groups. 

Within a first building block the functional entity may be separated fto,n the spacer 
by aj^oavawe linker or by a selec«vely cieavabia linker. The cleavable linker or the 
selecbvely cleavable linker may be attached covalently to the functional entity, for 
example the deavabia linker or the selectively deavabte linker may be attached 
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covaleitUy to a iiincUonal entity reactive flroup or to a lunctional group of said 
(Uncttonai enti^. 

Non-limftii^ examples of ftincttonai entifes are slvsn (n f^ure 25. 

FE-AA desisnates a functfonal enUQr amino add. an amino acid covalantly nnked 
to a ftinctional antity. 



10 

FMncBonal wntitv raaftHw> ifr^>f«f^ 



Functional entity reactive greups are reactive groups comprised within a functional 
entity. 



IS 



CorPBsponding functional entity reactive groups are a pair of reactive gnsups of 
dWfeient functional entities, which are capable of foimlng a chemical bond linldng 
one ftinctional group with another functional group either directly or through a llnlcer. 
IMon^mitliig examples of pairs of functional entity reactive groups and chemical 
20 bonds that may be formed by reaction of said groups are given in figure 2g. 

The functional entity reactive groups may for example be selected from the group 
oonslstaig of N^jsrboxyanhydride (NCA). N-thiocarboxyanhydride (NTA). amine. 
carboxyBoadd, ketone, aldehyde, hydroxyl. thiol, ester, thioester. any conjugated 
system of double bonds, hydrazine. N-hydroxysucdnimlde ester, and epoxide. 

Furthemiore. the functional entity reactive group may be an etedrophne or the 
functional entity reactive group may be a nudeophiie or the fUndlonat entity reactive 
group may be a radical. 

30 
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Wen% oMUncttonal groups fn a temptated molecule b a «su.t of the capa^flHy^ 
NQn^imitina ««inpfe8 of funcHonal groups are given In figum 24. 

^Id't " "^^"^ *° « are 

said to be nelghbounng. In partlcuter. ^p^cere a« neighbouring, when they are part 
Of bu,.«g blccKs. Which comprfee oomp,amen«ng elements. J^fch 

elements are complemented wHh ^ complementing elements. 

/^c^^^ngly. p«,e«b^.everyepacermayhav^ 

Chemical entity not capable of being Incorporaied Into a peptide by n-bosome 
mediated translation uy noosoma 

A non-standaixl amino add is capable of being incorpomled mio a peptide or 
WWe like stmclure by translation mediated by a ribosome. 

exposing an ammo group and a carboxyl group sepamted by an a<«rbon. The 
an,,noaadmayfore.amplabeselectedfr^thegroupconslgof.A«>"^^^^^ 
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Om L^ne analogues DAP and DAPA or any of tho amino acids described In US 
5,573,905. Furthemwre. non^ndart amino acids may be any of the above 
mentioned or any standard amino adds whteh ftirther comprises one or more 
mo.a«es selected fron. the gnmp oonslsUng of hydroxyl. b«,mo. fluow. ohbn,. lodo. 

alkyl. alKenyl. nitro. amino, alkoxyl and/or amido. 

The non-standard amino acid is capable of being inco^jorated into a peptide or 
pept.de liKe stmoture by tmnslation mediated by a wt. mutant, modified or 
«o recombinant ribosomc. 



Nucleotida.^ 
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Nudeotides according to the Invention indudes ribonucleotides comprising a 

G). and cytosine (C). and deoxyribonudeotlde comprising a nudeobase selected 
from the group conslsdng of adenine (A), thymine CD. guanine (G). and cytosine (C). 

Nudeobaees a» capable of assodating spedficaliy with one or mora other 
nucleobasas via hydrogen bonds. Thus it Is an Important feature of a nudeobase 
ttiat rt can only form stable hydmgen bonds with one or a few other nudeobases. but 
ttiat It can not fom, stable hydrogen bonds with most other nudeobases usually 
^udlng itself. The spedfio InterBdon of one nudeobase with another nudeobase 
Is generaVy ferniBd 1ias6^)airwig». 

The base pairing results in a specific hybridisation between predetermined and 
complen.entanr nudeotides. Complementary nucleotides according to the present 
invention are mideotldes that comprise nudeobases that are capaWe of base- 
pdinng. 

Of the naturally occurring nudeobases adenine (A) pairs with thymine (T) or uradi 
(U): and guanine (6) pairs with cytosine (C). Accordingly. e.g. a nudeotide 
oompnsing A Is oomplementaiy to a nudeotide comprising either T or u. and a 
nudeotide comprising G is compiementao^ to a nudeotide comprising C 
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Nucieollda gnalog ua^ 



palrina torexamplederlvaoves of naturally occurring „uc.ec«des or nuCaotT 



PseUdO-^fTirnn a^M 



An ccmprrsrng a substituted a«,.no group or/and carboxy, g„up sapa^tad by 
an CHcarbon or o^amina capabla of baing incorporated into a paptlda by ribowma^ 

^ZZTbv ' ^ ^"'"^ - «*«<V. group 

separated by an a-oarbon resulting in a thfoastar bond In tha backbone. 

examples of pseudo-amJno adds are given in figui« 3. 

neadivB sreups are groups that are capable of reacting chemlcaliy with a 
»n«»pond.ngraacth.e group after being brought into reactive contact ..erew^ 

Fbra^mple reactiva greups accenting to the present invention may ba selactad 
from the group consisting of di-coun,arin. carboxylic acids, di-carboxyllc acid 
^^sd^s.th,oes.ers.an,,naa.^ 

haloger^s. .socyanata. o-haioacaty.. UDP^ucosa. UDP^Cvated saccharides. 

glucosy, sulphide/suifoxide activation system (Kahne glUcosylatlon). N- 

(6 meZST? T' '-'"^''^'"'^'^''•''^ ring), carboxyanhydrida 

nit^ 2 • ""^>' 2.2-"P^-y«Hiaz.nanone 

(S^embered nng). 2.2.d««,eny«hla2inanone (e-membared ring). 2 2- 

dlphenyltt^iazlnanona (r-membared ring), suifbnlc acid, dtamlnophcsphine. epoxide 
.h.oepox,do. thtol. aldehyde, hydroxylamlne. a«.y, sulfonate, a, Jna. dMIa^e. 
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Wnytehloride unit, styrene-unft and ethylene unit However, any Cher sufteble 

-th the p,Bsent .nventlon. Examples of pairs of ^acth,e gn^ps ^ given In f^u!^ 

RecooniHr^ nTVP 

^n,^ groups ere involved ,n .ha recognition of a complementing Lm.nt 
^te Of r«»9nlslng a coding eiemerrt or In the recognHlon Of a coding element 
capab a of reoognlsing a complementing etement Preferred recognition groups ere 
na^,andnon^„,^_„3haeesofa„a^^ 
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*° '^P-We of catalysihg 

co^ Tr ' """'"^ ^-'-'^O group 

Tp^r^err""'^""''^'^^"'-^^ 

^embly. the reaction ie templated by an mRNA. to which two tRNAe. each 
7 ^""^ "^^"^ amino adds, peeudc 

formation of an amide bond oran ester- or thioester t,ond. However, the ho.^ could 
be ar^t,ond fom,ed by the reactton between a carbonyl and a nuCeophlle. The 

^^2^"; " '^'^ ^"'-^ the 

oompiementino elements of buttdtng blocks. 

reaction between amino add residues, whereby a peptide ie fanned. 

The nbosome responsible for the Incorporation of spacers according to the present 

example the nbosome may be a wild type Hbosome or a mutant, recombinant or 
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by aay «,Hable pracedu,* such as solid^^haae p«>.aln or nucleic add chemistry. 



acalfow and said funcuonal entities. 

10 

laLTrf'T' " " '^"'^ '^'^ the spacer 

backbone by ribosonne mediated translation. In a second ombodlment of thte 

«^nthesca«.,d.attachedcova,en«yor„^^^^^ 

15 «'«"^'altohavethescaflbldlocatedextamai^,suchasonasolld,„pport Orthe 
sc^ldmayt,e,oca.odh3o,«,a„ •^"*enno..theaca«>,dnayoc^prelt 
more cieavable HnKers. and /or the scaffold may be e«ached to .1*1 tem^te or 
comptementing template through a deavable linker. 

20 geiectivwiv nlftavahto ifpf^^r 

linger IS deaved Accordingly, it ,s possibte to oleave the oleavable flnkera 

26 rrri '"'"^ ^"^ « »««P'«ted molecule 

26 wrthout at the same fme cleavfng aelectlveiy deavable linkers sei^^'ng . r„ "o 

the template that has dl/ooted the templated- synthesis of the templated molecule 
Where, .he template and the templated molecule are .Inked by o,^ or ml 
30 Pf^ferabiy one. selectively deavable llnkeits). 



Norvhmwng examples of oleavable Hnk^rs are given In figure 10. Seleofively 

sneer TT ^'"^ ^"""^ ^ ^ ^^-^ Of the 

specflc embod„T,ent Of the ft,ven«on. For example If «»cteavablellnke«»a,« 
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b, ^ ^, ^^^^ 



oowwnlly aMctel to the eompi™»«^ Ml, of «^ 
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alao comprise at least 2. such as 2. for e^campie 3. such as more thaa 3 spacer 

rBaeuvagmups. P«fe«bly, each spacer comprises at least 2 spacer reactive 
groups. 

one preferred embodiment one or more spacer .active groups may be selected 
ftomthe sroup corufefing of acyis and amines. Preferably at least one spacer 
rea^e group issalectedfmm the group consl«,ng of acylandrt 
reactive reacfve group is selected from the consisting of aminea. Accoollngly 
^P'e^-^^.at each spacer composes one spacer 
aoyi and another spacer reactive group which is an amine. 

A spacer backbone according to the present Invention Is preferably fomiad by 
bl? M T"' °" fnvdvingspacer reaoMvegnMips. neighbouring 

bulldmg block spacers. Hence, a preferred spacer backbone according m fte 
present .n vention comprises, or more preferably oonsiste of at least 3 spacer 

Ne^hbouring buWIng block spacers are Hnked by a ribosome mediated taction 

reaol.on between spacer «acUve groups of neighbouring bulldl,«, btocks that results 
K1 the fennabon of a chemical bond between said two nalghboudng spacers. 

for example the bond may be selected fmm the group consisting of amide bonds 

Z^T "'"'^^ ^"""^ ^'^"'^ ' 

in one p^^^ «„bodlment of the present Invenbon BnWng neighbouring buUdIng 
blockspacsrsconslstsofthetom««onofanamlde4«nd.inpartlcular thisis 
relevant In embodiments wherein at least one spacer reactive group of one spacer Is 
an aoyI and at least one spacer reactive group of the neighbouring spacerls an 
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The spacer roswues comprtsod wiihSn a spacer baaKbone accordino to the inventten 
9 attached to a functional entity, 

in on, embodiment of the prosoni invention tira spacer backbone only comprises 

10 in another embodJmentof the present invention the spacer bacKbone comprlsas 
^r«a«uas,hataradl«c«y attached toa,Unc«ona,an«ty.v^e^^^^ 

mjn.mun,o,0spacer residues that are «,td,recay attached toa^^^^ 

example at least i . such as at least 2 fl«, for example a«H,nd 2. soch « a^2 7 

7. ouch asarpund 8 to 10. for example a«,«nd loto 15. such as around 15 to 20 L 

rr-TnT"^^"--^-"-----^--^^^^ 

20 |„ge,»«i. the spacer backbone may be a linear sequence of epacoR,. 
larrT''"''^'^'''''^"""*'"^*'^'*'^''-^^ 

^jT^r"^'"' «"«^-«P3«rbadcbone. The purpose of I 

prede^„ed3dUnensk^al shape ofthespacer backbone may Jexample bete 
bnngtwopredetermlnedtunctronalenti^^^ 

adJacent^, posffoned and a ft^nctfonal entity reacti,. g^up of one oflld Zo 

30 rtLirirc'^"'^^^^^^ 

The spacer backbone may adopt any useful p«detem,ined 3 dimenstonaf shape In 

Al^atlve^ the spacer backbone may have the form of a colled coll. Furtha2,« 
» *«-P««^«>ackbonemayfor«camplehaveafom,se.ectedf^mthegror 
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consisting of P-sheete. beta-Him, befa-heHx. coiled colte, helbt-tum heJix. part of a 
collasen «ructure and zinc finger structures. In addition the spacer backbone may 
have a 3 dimensional shape that comprises different kinds of stmctures. fbr example 
one or mon saleoted from the group consisting of an «^,ellx. a p^iheet. coiled coH 
beta-turn. beta-helix. hdlx-tum helbc. part of a collagen structure and zinc finger 
structures. 

In one embodiment the spacer backbone is denatured and bound to a sdld surface 
that determines the shape of the spacer backbone. For example the spacer 
backbone may be a denatured polypeptide or derfvaUvo thereof or a denatured 
polypepUde like stmoture. The solid surface may for example be a glass surfece. a 
plastic surface or a mineral surface. 

in one embodiment v»hen the spacer backbone has the form of an a-heiix and/or 
comprises part(8) which have the form of an «^,eiix, the spacer backbone preferably 
comprises one functional entity per helical turn of the spacer backbone. For example 
tha spacer backbone may comprise a spacer direcUy attached to a functional entity 
fbr every 4 spacer residue, such as every 7 spacer residue, such as every 1 1 
residue etc. 



In one embodiment of the present invention the spacer backbone may be formed by 
a ribosome mediated incorporation of spacers, in particular, in embodiments of the 
pr^ent inverrtioa. wherein spaceni are selected fiom the group consisting of amino 
acids, the spacer backbone maybefomned by a ribosome mediated Incorporatfan of 
25 amino acids. 

The ribosome. that perform the incorporation of spacers may be any useful 
ribosome known to the pereon skUted in the art. For example the ribosome may be a 
wild type, mutant, modified or recombinant ribosome derived from any organism but 
30 preferably from Escherichh coli. 
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Spacer fiaa^Bve qroiipn 

Spacer reactive groups according to the present rnventfon are reactive g^ups (see 
he«ln above) comprteed with/r, a spacer. Ir, partloilar. corresponding apacT 
r«ct«re gnjups when troog^ im reacUve oortact with each other are capable of 
fonnmg a chemical bond Unking one spacer to a nelghbdurina spacer. 

IZTZt^'""'^'"^ '''^'^ tnespacerreactive g„,upea» 

selected from the group consisting of acyls and amines. 

Standard aminn afffrt. »/rflsiff^M>,^ 

LZI^ ? T?"" "■"'"^ "^-^ "etter 

code for standard amino adds are used. Where the L or D fon« has not been 

T^J^T ^r^'"'^'' have the natu«l 

L form. d. Pure & Appj. Chem. Vol. (56(5) pp 595^ (19W) orthe D fom,. 

^9a^'Z: ^ '^p- ^y*. 

aZ^rr r """" '"'^""^ "^""^ -•""-"^'^ 



Template 
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A template accordlr.g to the present Invention prefer^wy comprises a sequence of n 
c«d,ng elements selected from the group consisting of first coding elements and 

The LlTf " 2. Mo,« preferably, 

the template comprises at least 3 first coding elements 
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n is preferably an l,«eaar of more than 1 and lass than 1000. for exa«»p,e between 5 



ler/^T*''*"'"'''*"'^'''^" ' '-tioofflr.tcoding elements to 
second OQd,ng atementa of 60:1. auch as 40:1. fbr axampre 30;l. such as 251 for 

such aa 1.3. for axampte 1:4. such as 1:5. for example 1:6. for example U suJh as 

Ulin^ ?' ^"^"""^ may also only 

compnse fi«t coding elamente and no second codins elements. 

list ■ forexample at least 10. for example at 

teastl5.suchasatleast20.forexampieattea8t30.s«chasatlea8t40 Ibr 
sxampfeat least 50. such as atleast 76. for example atleastioisrc^^^^^ 
ISO. f6r example atleastaoo elamentsfirstcoding etements. 

Furthenno™ the template may comprise at leastllbraxampla at laast2.suc^ 
teast 3^ for example at least 4. such as at leasts, for example at least 10 

^to^««mpleatleaat SO, such as at least 76. far example at least 100. suc^ 
least 150. ibrexampie at least200 second coding elemertts. 

rrp::.ran;rr~^^ 

In one preferred embodiment of the present Invention, the template may be nucleic 
can be template of a nbosome mediated translation. 

Mors preferably, the template oomprtees or consists of RNA or a derivative or 
analoguethereof. For exan^ie. the template may comprise RMAr^sTthla^ 
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^^e en*od...nt of the pre^nt .nven«on the tempteu. prefe«bly comprtees at 
elememmaybopn»8entthatcanhybrid,satosa«atopcodrngetement 
Temotatert ^«YPt^^^'>fT 

Templated synthesis is the process, wherein a tamprated molecule comorteinc 

-^Birsnslattea step or alter the partial or complete synthesis Of the 
backbone n a reaction fiteD/s4 i ^ wwmo «pacer 

'-~>l«nalenl»«„«i,,h.sp«»rl«kton.ma,to«l«™«|. 



» 
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^^nsKWsmV, one base. Indudhg a hebn>»dlc baa. *™, ~* ^ 

«^.««.e«c.w„.„^™^ap«^^x^b:^p:^ts^ 

uases, wnera the ba^s may be natural © a t r* r» r i\ 

bases aih^ ^/ ^ ' ' ' ^' ^^^^^^ non-natural 

oases such as those G,g.dlscfosede a hiUsfio-^r ^on • 

refrnan..^ c. .^u 8.037.120, mcorporated herefn by 

reference. Further examples of non-natural bases nuri««^« I « 

=*~dea base p«„ ^ a«^b, „„„ 

»« hr-^g-. bonding ,a* ba,^ ,^„p„.«, 

'^''*"'^°"»°™«"«««W...«rtl..«„Mh*.ual 
"««W«a»aa,dtol»comptam.«,„,. 11,a.p,cMciV„,^t^„ 

painng<WhU.andCbas.palrtn9will,a Abaa. 
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A templated mofecute wfWn the scopeof the present Invenflon is a molecule 
cornprtsing a plurahty of covatontly irnkod functional g«)ups. wherein the tempiated 
moiecule is obtainable by templated synthesis using the template. 

m one en*odlment of the present Invention the lemplated molecule preferably 
comprises or essentially consists of amino adds selected ftem the greup consisting 
of o-am.no acids, p^mlno adds, y^mino adds. a>^no adds. 



10 



For e«mpte. the templated molecule may comprise or essentially consist of «- 
amino adds, audi as for example non-subsfihrted. monosubstituted or 
IS dIsubstKituted a amino adds. 

in another example the templated molecule may oomprlee or essentially consist of 
monosubsUluted Mmino acids. disubstit„ted p-amino adds. trisubs«tuted Mmino 
addaand/ortetresuhstllutedMrnlnoadds. In one embodiment the backbone 
20 structure of said p^fno acids may comprise or essentially consist of a 
cyciohexane4>ad(bone andAir a cyelopentana^ddjone. 



In 



25 



30 



yet another example the templated molecule may comprise or essentially consist 
Ofy-amFnoacrds. 

.n a still further example the templated molecule may comprise or essentially consist 
Of tti^amino acids. 

FurthemK,re. the templated molecule may for example comprise or essentially 
consist of vinyiogous amino adds or the templated molecule may for example 
compnse or essentially consist of N-aubsiltuted glydnes. 
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1^ cwgomeis. polythloethere. polyethylene glycols (PEG), polyethytenes 

■^C<.,.™,=0H«,O0-;.NH0.H.<>0.;^rS^r!ZS^ 
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^( -CH.)CH. : .PQ, : ^o.-CHa- : -PC-CHaN*. ; ^q^h'- : and facJl! ' 

d.al»«ble number of ftincHonal groups. The fu^^pna. groups of a Lptel 
molecule may a« be Wantlcal. however i. Is a,so eontalned ^thln the p^a 't 
Fnventronthatthe templates .o,^,eeomp«.ea.«^^^ 
^mpte«,etemp,at.d.otecute according fo the f„ven«on may I'Z^^^ 

l^T ^ r ^ '^^"^ * '"notional groups .uch 

as at reaat 5 d.(»*rent fundfona, g««pa. fcr axampte at teast 6 6mSZ^o^ 

a«^ssuohasat,eastrd«f.^t^„^,„3,g,o„p,^ 

1C <m^func»on., g^ups. such as mor. than 10 d«re,«n.func«ona. ^u^. 

s^lt IT ^"'^^ part may ^e 

syitthasised by tampfatad synthesis 6f the other part. 

tBNA and tRNA fik^ ^tn'Tf-'lfl 

* ^ ^ ^"^^ non-standam and/or pseudo 

incorporation of said amino add. non-standard, or psaudo-amlno acid. 
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Detailed description of the Invention 

5 

"^i?!' "'"""^ "'^"'^ "«^ver. h, ell 

r''^*"'^'*^**'«'^''»**P'°°«<*"'^a'«ainimftedtothesynthesfe 
^ luncflonar selection of a-pepffdos. 

• ^l^TrlT?" "'"'^ Bbove-menUo«ed «mlta«ons end rr»y 
TT^e present invention descril»8 methods tor synm^^^ 

^cr comprexes and methods for targafing such molecules a«dtor complexes to a 
tempteted moleculoo by ampllfloatlon of templates that speplfie. selected template d 
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TmrTr r*'""' ^"""9 to the present Invention may be specified by a 

as 8. forexample 0. such as 10. fbrexample in the range from 10 to 15. such as In 
the «nge from 15 to 20. for example In Une range from 20 to 30. such al In ^ 

ft«m50oi00.forexan,p,a,n«,erangef^ 

250 to 500. for exampfe n may be an mteger terser than 500. In the present 
eltneroovalently or non-covatently to the templated molecules byatechnique(s> 
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molecule eonneet»w ♦« «, T ^ ^^"^ ® °'- ^ branched 
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at ttie same time cteavfng selectively cleavable Knkw. it is thus possible to obtain a 
«»fnplex comprising a templated molecule end the spacer backbone stfii attached to 
tt.e template that directed the synthesis of the templated molecule wherein ,he 
templated molecule and th6 spacer backbone a« linked by one or more, preferably 
one, selectively cleavable linker(s). preieraoiy 

In a further aspect it may be desirable to deave: 

- none of the cleavable linkers or, 

- to cleave only a subset of cleavable linkers. 

As each complementing element is capable of recognising a predetemUned coding 

ZTJ ' T' "^"^ ^""^^ ^ Predetenr,.ned 

ftmdfcnal group, the sequence of eoding elements of the template will template the 
synthesis of the templated molecuie comprising a predetem,lned plurality of 
oovalently linked fljnetwnal groups. 

Foifowlng formation of the templated molecules, the molecules of desired p«»ertles 

ar« isolated by a selection procedure screening for relevant molecular 
eharacteri&tics. 

»nerr*''°KrT°"' '^'^'^ "^^'^^^ "^^^'^ ^">"^ ^^^^^ 

. T ' """^^ ^^'^ other 

fom, o charactedsauon. Accordingly, the complexes of the invention comprising a 
ternp^^ted molecule linked to the template that specifies said molecule enable rapid 
selecbon and amplification of templated molecules with relevant pmpertles. 

in a first aspect, the present invention provides a method forsynthesising a 
templated molecule comprising a pluralily of junctional groups, said method 
comprising the steps of 

l> providing at least one template comprising a sequence of n coding 

elements selected from the group consisting of first coding elements and 
second coding elements. 
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Wherein eech coding element comprises at least one recognition group 
capable of recognising a predetermined complementing element, end 

wherein n lean integer of at teast 3, 

with the proviso that the template comprises at least 3 first coding 
alementt. 

providing a plurality of building Wocks selected from the g«Hip conslstlr« 
Of first bLlldlng bIccKe and second building Wocte. with the proviso that at 
least 3 first building blocks are provided, 

wherein each first building block comprises 

a) at least one complementing entity comprising a fii^t complementing 
element comprising at least one recognition group capable of 
lecogntelng a predetermined first coding element, 

b) at least one ftrnctional entity comprising at least one hincBonal group 
and at least one ftjnclional entity reactiva group, and 

0 one spacer comprising at least one spacer reachve group, 

wherein the spacer is separating the at least ore functional entity 
_ from the at least one complementing entify, and 

wherein each second building bk)ck comprises 

a) at least one complementing entity comprising a second 
complementing element comprising at least one recognition group 
capable of recognising a predetermined second coding element. 

b) and at least one spacer comprising at least one spacer reacNve 
group, 
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lU) 



iV) 



V) 



comp,e„,anMng coding alemente by contacting each coding olomant with 
a building block comptementing element capable of recognising said 
coding element, wherein at least 2 coding elements are InteracUng with 
comptementing elements simultaneously, 

with the proviso thet a total of at least 3 firat coding elements are 
complemented: and 

fbrmlng a spacer backbone by tanking neighbouring spacers in a 
nbosome catalysed reaction by means of reacting spaeeriBactlve 
groups, and 

obtaining a templated molecule comprising at least 3 covalently linked, 
functional groups by linking, bymeansof reactlbning functional entity 
Inactive groups, a functional group of one functional entity to a functional 
group Of another adjacently positioned, functional entity and linking said 
other functional entity to yet another adjacently positioned funcUonal 
entity. 

inaprnfeired aspect Of the invention the templatedm^ 
Of at least 3 covalently flnked functional groups. 

in addition to the above mer«ioned steps, (n addltton each step may comprise a 
number of sub^pa. „ot explicitly mentioned herein above. 

IIlZT' T"* ^^^"^^^^ P^sent invantlor, step 1,1, to Iv) of the above 
menttoned method eompriees the steps of 

a) comptementing 2 neighbouring coding elements simultaneously by 
oontactlng each codihg etement with a building block complementing 
element capable of recognising said coding olomont. and 

b) forming a spacer backbone by linking, by means of a reaction Involving 
spacer reactive groups, the 2 buHding block spacers, and 
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spacer bacKbone .ay be e.pngated by addition of further first tomSl sZrs 
enbtee of sa.d first builtfng blocks to the templaled moJecuIe. 

chronologically Fn the menttorted order. 

irrtlvldual steps of the method, may be perto^ed any number of desirable 

^peatod at least th,.o tfmes. for example at U«8t4 times, such as at loas 5 timos 
or example at least 10 times, for example at teast 16 thnea. such as arraltaT 

such as at least 75 bmes. for example at least 100 times, such as at least 150 times 
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«r 2 and pmferawy 10.000 times, for example between 5 and preferably 1000 
tlme8.euchae between lOendpreferBWySOOlime^. °P'«'««bly 1000 

in addition to the above menttened step,. It is ft«,uentiy desi«ble to b.^ one or 

rre^t°::"*°'*'™^'^^'"^'«'*''-^'--'h«temp,ateo7^ 
*e8peoerbadcbonefromt„divldualcomp,e„,entrngent«fiea. 

In one embodiment the method furthermow comprteea the step of 

vl> ^aK^ ttH. covalent bond between the spacer bacKbon, and at least 
one complementing element 

2|^^bly. step v„ ,s perfonned once after eve^ pertbm«„oe of step or once 
after every performance of step b, or d, of the et,ove mentioned method 

Aocordingly. « fs pref^rr0<l Uial Ihe covalent bond between the spacer becl^one and 

in another embodiment the methods ftirthemiore comprise the step of 
one functional group. 

For exampte ,. such as 2. for example 3. such as 4. for example S. such as mor. 
*an 5, ior example more «.an 10. such as mo« than 20 covalent bonds be,^" 
thespecerbackboneandftinctlonalgroupsmaybebroten. 

consisting of cieavable Hnkere and selectively cleavable finkera. 

entitles are broken except for one. More preferably, said bonds are b«,Ken after the 
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^mpl^ molecule a™ preferably only connected to each other via one covalent 
bond. For exampte, saU one covalent bond may be a selecUvely deavable tinker 



and thereby forming a covalent bond betweeen spaoere. 

? """""^ " """"-a '"-te 

second building blocke. wherein said rsacHon «8Ult in the Ibrmation of a covatent 
bond connacling said building blocks. Preferably. aaW covalent bond is fanned 
between spacers of the- Individual building blocks. 

be^^!^^RMTT '^'^^'^'^ - reaction 

*B spacers Of two charged t-RNAs. Even more preferably, a n-bosome accorting to 
^pr«sent invention IS cap3b.eofc.ta.ysingareac«cn between t-RNAs^^^^^^^ 
2L'^^''"r''r'"*'''""'* consisting Of PE^. standard aminoacTds. 
covalent bond is formed betwvaen fiaid spacers. 

^JTT^: ' " '^^^^^^^^y^'^S a reaction between t-RMAs 

charged with standard amino acUs, whei«by a peptide Is formed. 

^a ribosome may be a wfld type ribosome derived ftom for example an animal, for 
example a mammal, such aa a human being, a plant, a f^tngl. a yeast or a 
b«^. in addition a ribosome may be a mutant or a racombinantly modified 

Known lo the person ekllied in the art. 

thTle'^^'r';!; ' " ^comblnanMy modified ribosome comprises essentially 

.he same activity as a wild type ribosome. such as at least 60%. for example at lea « 
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70%. «,ch as at least 80%. for exampte at .east 90%. such as at leas! 95%. for 
Z'^S^IT'"'' actfvftycf a wild VPe ribosome. Said activity may be 
determined by assay measuring the rate of synthesis of a polypeptide. 

2^"^? "^^y be a wod type ribosome purifled from any organism for example 

or a bactenun,. Altemath^ely. .he rtbosome may have been p^duced using 
rocomWnam technology. 



10 Tempbteff nrftffllt?1i: 

i 



20 



^r!!'"^ ''"^"^ »° ^ a prurallty 

^theean«ordifferemtemp,atedn>otecules.wherei„prefa,abiyeachofthe 

'noleeutes according to the present Invention. 

^rr"' "l" '^'^ ^ " '^''^^'^^'^ *»valent,y linked to the - 

templ^ enoodmg saw tomptotcd molecule, wher^m said tempiated moiecuie " 
2^^at east3covalen,lylinKed.fUncUo«^^ 

2";nt Of sa,d template, with the pmviso. thai the tempiated mCecute Is not a 

P»«ral,^ comprises at feast 1 000. such as in the mnge from 1000 to 5000. for 
sToTr ^ ^ range *om 10.000 to 

c^pri^es at least 3 covalently linked, functional g««pa. each encoded by a coding 
etemen. Of a template, with the proviso, that the templated molecule Is not a 
standard o-polypeptide. 
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in particular. «ie plurality of templated molecules may comprise temptated 
molecutea. ^herain each templated molocuto fe selected from the g^up consisting 
oMemp^edmotecu,escova,e„t.yB„K^ 

S 

The ampllfiabillty of the templated molecules In a molecule library p^videa said 

templated molecutes can be serened by taking the library through repetitive 
10 'J^^^^^^-'-^'^^^^n. Inapara^elproLswhVCj^^or 

B atrrnir^°^^^"*"~'^"'^-->--^ 

IS To T'"!^ T"'' embodlmarrts of the tnverrtlon 1o 

d^^» ^^--^^ or about 7 ^ 

difreren templated molecules, such as more than or about lo- meront telated 
molecule^ fore^ample more than orabout lO'dHfe^nttamplatatrZrruch 

abo« 10 difrerent templated molecules, such as more than orabout AQ^ different 
^1 ~. for example mo« than or about 10^^ d^rantCr 

example more than or about 10^* dKfeiBfUtemniafa^- ■ ■ rer 
orabout 10" diffe«^. , such as more than 

™'^'*''**'®^P'«"»«*«n«>rabout10"dlfferenttemplatedmDlecules suoh 
P ^'"™»«'«"«>'-boutio»d«,ferenttemptatedmolecu,es. 

30 T """^ ^"^""^ '"^"^ P^'^'fe' ^'-'*«'n parallel 

amp,Wtea«on rounds (theoretically a io« fold anHchment » obtained after sZ 
rounds each enrfchlng loo fold). To obtain a similar enrichment of 10^172 « 
"-7P«7««bra^.wou.dre.ufrescreenlngcondHlo^^^^^ 
36 -^-nt.none^und..a„dth,s.snotp«ctrca«yposs*.eus:Vsl^^^^^^^ 



13 



19/09 2003 KAN 16:38 FAX 

81014/040 



S3 



9 10 



16 



25 



screening techno/ogfes. The templated molecules and/or the tempfates can 
furthermore be bound to a sollci or semi-Bolid support. 

Method s far scry » n'm 

10 even ftrther aspects (he ««thods of the invention - individually ores a 
combination - relates to 

potenlially having a predetennined activity, 

a mati,od for assaying the piedetermlned activity petertJally as«>dated v«ith the 
complexes or the templatedmolecutos, 

fcr setectlng complexes or ten^plated having a pradetenninad 



amo^d for ampHffoation of the template that templated the eynthesls of the 
^ templated molecule having, or potentially having a p^detennlned activity, and 

tompiatod molecule havrng. or potentially navlng. a predete^tned actMty. said 

m^odcompnsing the further step of inoeasing the number Of 
lemplated molecule. 



30 



Preferred qmbodlmante the inwn«f f», 

in a preffeired embodiment of this Invention a «,st building blocks comprising: 

ZlTlr Tf""'"""' ""^ ^ ""^ '^"^"^on g^up 

capable of recognising a predetemilned coding. 

b) at least one functional entity comprising at least one functional g«,up and at least 
one functional entity reactive group 
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c)atloastone8pacercompri6ingatteastonespac«r,«actrveamu« wh. • 

CBpabbof«cognB,„gap«d«ennln«leoding,tement.ancl 

b) at least qn© spacer eomprislhg at least Qn«««»~. 
15 . * " spacer reactive graup. 



'n a prefeired aspect of this Invention the linklna of 

*oeomesor by other enti.es <e.g. DNtRrT l^^^ T 

siifK a« . ' proteins gr comb nations theiMf 
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iir^rr T MHRed to m template by 

rtoTl ^t''' " '^■'^'^ ^" ^^^^"'^ ^-^^^-^^^ - 

templated molecufe may be linked to Its temptate using puromycfn. for example the 

template may be linked to the templated motecule via a puiomydn linKer. 
Ac»rt.ng to the above statamartB the p^fened emb«^^ 

comb.nat.on of entitles enabling tamp.ate..pedflc fbm.atlon of covalent bond{sr 

b) ten,p,at» eompfementetfon Involvlhg tRNAa or tRNA-Mke entitles comprising a 
*«-Pf»---P'e-n«ng element. p«,,«b,y«nantrcodon.enabl^^ ^ 
20 ««"P'ementallonofatemplateelement.prBferabIyacodon. 

enab,.„g covalent coupling a neighbouring spacer or spacers pLded by 

TcTn^or"''^"'''''"'*^""'^^^^^^^^^ 

spacer laaetlve groups, a reaction prafarably catalysed by a n-boaome. 
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e, tRNA5 ortRNA.nke entities covalently HnKed to a spacer reactive group(a) 
Wherein the spacer reactive groups are preferably an acyl and/or an amine. 

Tt^LTr^ ^ "'^^'^ ''^^ troupe are part of a 

standard c-amlno add. non^ndard amino add. pseudo^m»,o add 
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«a«ve group, capable of fcrm,„g a covetent ,lnK to a ne.g.5curfng funcWona. 

fte^eavabte orselactiveFy cleavable KnKer separating theft,ncHonal entity a 
standard amino acW or «)P8eu*«mlno acid. 

h)^nnatlon o, a spacer backbone which la preferably a atendani o-pepMe 
backbone, non-atandard-orpseudo-peptide backbone. 

0 forn^tion Of a spacer Dackbone comprising t«ro or more functional entities each 

r^acHon to ona or more neighbouring fimctlonal entity reactive s,oup{s). 

J)«up^gofnaiShbourtngftmctlo^^^ 
tamp,atedrnolecu,eofllnl«druncBcna.9roupswlthea* 

spacer backbone through the deavable or selecUvely linkers. 
X) .Ravage of none, ona or more of the of deavable linker,, leaving one or more 

0 formation of a covalant or nonn^valent link between the templatod molecule and 
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^"trrT" *^^-'^<<^«««>"«'«««ty-«'«i«o actdiare Incorporated tntea 
paptdo bynboeom.* using tRNA or «NA-llke entiOes for tomplato decoding where 
the template preferaWy consfflute an RNA sequence or a modified RNA sequence 
containing at leaet one translaUonal start site, p^ferably AUG and a coding 
sequence capable of being decoded by said tfWAs or tRNA-IIke entitles. 

AFE-AA IS attached to a speciflctRNA or tRNA-IIke entity that specifically decode a 
coding element or a set of coding elements in the RNA template by me Interaction 
between the codon Of the RNAtemplate and the antlcodon Of said tRNA or ,RNa" 

^ for charging of iRNAs by 

stWdard amino adds Ibr the purpose of translation. An example of a tRNA charged 
^thanamlno acid and the coHBspond^g Charging 

4B and 4A. respectively. A few examples of tRNAe charged wHh FE.AA unite J 
^own In figure 4C. Since individual .RNAs or tRNA^Ike enUtfes are selectively 

~don Of the template It Is posslbte to IncorporateaplethoraofFE-AA units intoa 
pepbde sequence at predetem»ned posWone according to the template sequence. 

^ajglng of Individual tRNAs with cognate FE-AA unite or when desired with 
8tenda.»^non^ndard or pseudo-amino acids can be aocompnshed by at least 
twoprotocolaknowntothosepeisonsskllledlntheart; 

I'v^Zlt "'^t'l'^'^ - «"9.neered versions of amino ac»«-tRMA 

I s^Il FhT . ' °' ^ ' ^''-'^^ and 

a specno FE^ unrt. standard-. non^landa«l. or pseudo-amino acid. The linking 

^ the «NA a'-termlna. adenosine nucleotide and a ca*oxy, group of said. FE^ 
unit, standaixj.. non-standaid or pseudo-amlno^dds. Seeflguw 5A 

mraslng the 3'^,mlnal pCpA dinucleotlde is llgaled by an enzymatic reaction to a 
pdCpA-d.nucleotlde chemically charged with a FE-AA unit, standart-. noo^tandartl 
or pseudo-am,no add. The llnKIng may be any covalent bond. bu. preferably an acyl 
bond between a 2' or 3' OH-group of the tRNA 3Mem,lnal nucleotide and a cart,o.Jl 
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group (or activated aster) of said, FE^ unit, standard., nonstandard or pseudo- 
amino ackl. Sea Figure SB. 

Each peptfde shouW contafn atleast 2 FE^ for exa„,pre 3 FEV^A. such as afleast 
4 FE.AA. for example 5 FE-AA. such 83 atleast 8 FE-AA. for example 10 FE-AA 

a. a«east ,5 FE-AA. for example 20 FE-AA. .uch as 30 FE-AA. for examp,; 
a» fSrAA. such as 1 00 FE-AA. for example 200 FE^. such as atleast 30O FE-AA 
tor example 500 FE^ Jt may be deslrabb the, a peptide contain standard, non- 
Standard or pseudo-amlnoaclds that does not constitute an FE^ unit. Such non- 
FE-AA units are preferably not a part of a templated molecule but may serve 
stwctural purposes necessao. for ordered polymerisation/bond formation required 
for the fermatton of the templated molecule according to the predetemilned template 
wquencs as described below. 

Evidently, a preferred embodiment of this invention dictates thai a translalional 
apparatus should be capable of sustaining the conversion of a predetennined 
template sequence into a standard peptide, no^peptlde or p8eudo^,eptide 
sequence comprising eidegroups which are not confined to the 20 amino add 
sldegroups found In naturally occurfng peptides. Several experiments have shown 
u«n3 synthetically engineered tRNAs carrying nonstandard amino acid units that 
both eukaryotlo end proKaryotio translation machineries oan Incorporate said non- 
standard amino add or pseudo amino adds in a peptide chain. Consequently a 
translational machinery Is capable of Incoiporatlon non-standard amino add or 
peeudo^mlno adds such as many L-amlnoacids compdsing unusual sidegroups. 
alpha-alpha^lsubstituted amlnoaclds. alpha-hydroxy adds such as iacti,>.. oiucoll,^ 
or phenyllactic adds, mercapto adds or N^thy^arrtnoadds. conformationally 
restricted amino adds, amino adds with photeaflfnity labels, spin labels and unusual 
aterio properHes etc. An incomprehenslve list of molecules whid, have been shown 
to be .ncorporated Into peptides by in vivo, in situ or in vitro translation by cells 
tbsuBs. exstraots or purffied components of a translational machinery of eukaryotfc 
or proKaryotIc origin as shown in figure 3. The vast chemical and structural dhrer^ 
Of the molecules capable of being Incorporated In peptides suggests that the 
translation process exhibit only e limHed discrimination and further argues that most 
alpha^mlnoadds sldegroups Ihduding desirable FE sidegmups can easily be 
incorporated into peptides by rtbosomes. The sizes and fiinctlonalitfes of FE-AA 
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InlT 1 ? "''''^'"^ '^'^ted .^nslatton accordlnfl to this 

InvonBon are simuar to the sl«s and ftincitenalhlas nsted in figure 3. 

It may ba des/raWe that translation is conducted by purified reconstttuted translation 
etal.. 2001). Translation using purfflad componanto offers eeverai advantages; 

0 a^cmc tl^ capable of recognising a specific codon can ba charged with 
any FE-AA unrt. standard-, non-standard or pseudcamlno add without limitations. 

B da^rr."''' -"-^--^^'orpseudo-an.lnoaddsar.not 

^ daacyfated by amInoacyl-tRNA synthetases. 

15 Ivi^,!! ''''' ' '''' ^"^ '"^^ t-nsratlon reaction 

15 ^^^^♦"•flP^n^turetranslatlonarrestbystopsftesandfurtheraxpandsthe 

number of codons by allowing tl^ reading of the UA6. UAA and UQA codona. 

Jv) reduced level of baclcgreund -noise- (La. m^^vant p«teln. RNA and DNA). 
l^^'"'* Hbonudeases m Increase rna stability and premota template 

lnoneaspe«ofthIslnvemionreleaselbctor8<RF1^,a.«omlttadflx,r^ 
translation reaction which allows specifically eriglneered tRNAa to decode the 

» ^i^^ T^"'^'^''^''^'^"'^'''^^^^ translatlon-arrestas 

P well as increases the efficiency of tempM.ta-papt.de coupling (whan employing 

PROFusK,n or s-milar coupling technology). However. In some aspects of this 
^ .m^entlcn. one or more release factors may be Included In a b«nsIatlon reaction. 

An FE^ unit Id incorporated into the spacer bacl^bone according to the template 
eequence. However, the subsequent polymerteatlon ofFE-unlts Is based on a 

reaction between a reactive grouote^ of an pp nnif .^s^, « ^. 

ai oi an r&unit with a reactive arouDrs) of an 

35 ^'^rr'""""'"'' P«,xim^effect. ConsequZrin ohe 

3S embodiment of this inventK,n tunctiona, greups specified by the tempirLl^ 
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«semwed ,mo .he tempiated moIea..e fn random order resultlrig in sequerices of 
^^^on^ a^ups that may not 

sca«bld.r^ molecule (see f. ex Rgure 4-18) for attaching functional groupo 

P^oA-cuig a tempteted mol^ie comprised of the scaffolding molecule and 

ftm«tonaloroupssp8dfiW.vtheiemp,ate sequence 
scafltoiding moidcule at random. 

10 

candidate Individually for further examination. "wiecuie 
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In a preferred aspect of this Invention the assembly of <u««dnal groups fbnning the 

h^een FE-react.ve groups positioned adjacently according .o the S-dlmenslona. 

the spacer bacKbona. .n a prefan^a aspect such stmctui^a may ha specified ^ 
"^[rr^^^-"^^^-^- one aspecttha spacerLKhone may 
adop^ the fbm, of simple ahructuraa such as an o^ellx. pamUel or anti^,ara.,el p- 
sheet or p-tum. However, other higher order structures may include heBx.tum4«riix 

oolte cys«ne knots 3,rhe«ces and parallel p-helix as weU as structu«s ohtalnabte 
^ Interacjons w.fh various supports such as a glass-, plastic- and mlnaml- 
spaces imeraollon with nudelc acids, solvents and Ice-matrices or stn,atu« 

, by magnetic ffelds. A «tevart strvcu^s and their appBoatlon In the 
assembly of templatad molecules are described below. 

o^nx: The chellx is a coiled, mainly right-handed, stnjcture present In nearly all 
naU.,Bl proteins. The right-handed «4,ellx Is slabaised by a« array of intra-strand 
hydrogen^,onds. Some amino adds sld^roups such as alanine, glutamate 
louane. Isoleucine have a p«ference for forming an a-heBx. Since the he«x 
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consists Of. 3.6 omrno acid residues per he«x turn the alde-chafn, may alter 

rA^ T^. Patehea with defined piepertles along the helical axis fFl«ur» 

rcSr 
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•nteracttons With uncharged or hydrophobic units fn apolymer. Furthermore, a 
puta*« a^elU „,ay be stabilised by Intoractlor, with biomclecules such double 

c'?^TT";T**"''* "^"^'^ rinaof htetldlne. ortho charged amines 
c lysine and a,glnlr.e arrayed Into patches on tha helix can fedlftate nonspecific 

groove. Accord,ng,y. the template sequence could be designed such that the 
fetltJ .K t'T" *° ^"^'^ ^^-"-^ «'"««»"te one 

10 '•^•-o.Banlsfna entity. Inthis set-up the 

10 ^•vmereat.on between FE-units arrayed along the helfca. axis Is Inltfated a«er helix 
» ^bfl«at«,nwh,ch allows directional polymerisation of PE-unitsa^^^^^ 

template sequence. Subsequent ac«va«on of the tampiated molecule by deavage erf 
oneorn,o,BCleevablBlinker8isindepBndentofhellx8tab«ity. 

15 '"^p.edaspectofihleinvenMon 

hyd«,phtllc residues - the heptad repeat. Each o^eilx contains 3.5 ^slJ^es plTm 

25 , T . ^ constHutethe hyd«>phobIc core 

25 involved In Inter-heHcal pairing resulting ,n dime.,, trtmers. or p^taZ 

In^ T '^^''^ ^«*»"««<»« co-^Prt^Ing 

HPPHPFH. HPPFHPP or HPPHPPP (H - hyd««,hoWc residues. P - polar 

sequences of the consensus LXXYXXX or YXXLXXX where L denotes leucine Y is 

^r^bv ^"'"^ "^^^^ ^""^^ be stab ..sed 

further by oppositely charged residues positioned in register on opposing helices 

8,. Further ccded-coil«aW«elng elements may Include cysteine .^sWues pos Jed 
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at helix ends fanning Inter-heiical disulfide bonds or p^acttm units ihcreastng core 
hydrophobicity. 

5 fo^fi p T « '««*''one predisposed for co«ed-coli 

5 rormafon. Furthermore, the FE-AA units can be Incorporated into a spacer 

backbone according to the template sequence positioned opposite the hydrophobic 
ooia ».voh«d in dimerisation and thus exposed into solution. In a preferred aspect of 
Z T7T '"-^"^ -its once per helical turn, once per 

1 o r • etc. but 

0 preferably once per helical turn within the repetitive helical aeemenia of the coiled- 
CO I sbucture. A few examples of repetitive heptad sequences designed for dImer 
^ coned-coll structure formation are listed below. 



15 



20 



m.c.x„-(l:e-u.k-y-p-u)„.x^.x 

M-C-X;r(L-E.U-K-Y.U.p;,.X«^X 
M - Methionine. C = Cysteine. P = polar residue, U « F&unlt. 

Insertion of cysteines for disulfide bridge formation or E and K fbr inter-strand ionic 
•rteradfons are optional but may be beneficial in cases where the FE-poiymerisatlon 
raact-on « conducted In adva«a conditions (high tamperatute. high pH. In solvents 



29 



Coned^ll termauon requires that the spacer backbone comprising the FE-units 
Should dimerise with a second helical element predisposed for coiled^oil stmcture 
fonnat-on. Thus, the spacer backbone comprising FE-untts may dimerise wHh 
anoUier spacer backbone comprising FE-unlts or with a heHcal element that does 
ou not contain FE-unils. 

peptide strands that does not contain FE-units may be produced separately by 
solid-phase chemical synthesis 
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Glycin-Proline-X . 



20 (aycfne-ProlJne-U)„. U = Fe-unit 



« u«on. The average cf/stance between neighbouring FE-unils wm h« - qa 

a rc units Of with one or two strands not contaJning P£^nits P«nfWo 
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fihoete ara separated by leas than 5 A. Thus. !n one aspeclftfe possible to 
Ino^orate FE-AA units displayed in either a hydn,phoblc ora polar environment 
Rirtt«nno«, tha close pmxlmity of nalghbourfng FE^nlts should banafitthe overall 
^ polymerisation efficiency, thus inc«.slng tt,a production of templated molecules. 

in a preferred aspect of this Invention the FE^lisplay structures described above 
requha ««t only a limited number of the total codon^at Is used for incorporation of 
Standard- non^ndard- or p5eudo^mlnoaddeae.non^.unlts>.P^^^^^ 
10 '^'^ fc'tha Incorporation Of non4=E^rtts according to the 

comprtslng Ffi-unlts specified by the tampiaia sequence. 

Provided that complementation of neighbouring coding elements is achieved 
neighbouring, spacer reactive groups of a bunding block are capable of being 

FE-unrts enable tactions between FE^actlve gmups of neighbouring FE-units 
form,ng a polymer or a branched molecule of FE-unlts spacHied by fhe template 
rr*^ Kr ; •* ""^"^'^ ^^^equently to mairtain or deave 

ZT" J! "^'^ ^^-^ ^« complementing element 

deflnnig said functional en% wfthoul deaving the linK between nelgbboud,^ 
funcbonal groufn of a lonpiated molecule. 

Sroups Of a templated molecule, as well as methods for therapy and diagnostic 
methods exploiting the templated molecules according to the Invention. 



n ye another aspect there Is provided a method for altering the sequence of a 
templated molecule, including gene-ating a templated molecule comprising a novel 
or altered sequence of functional groups, wherein the method comprises the step of 
muteting tho template that templated the synthesis of the original templated 
molecule. The method praferably comprises the steps of 
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„ ^^zstizizs:^ ■ 

W ''™**^'*'^«<< saw second l«npPa(«.),-«»M , 

temple 

3S r:r'™*— 



27 



ie/08 2003 Han 16:42 FAX 

0(028/040 




67 



5 



10 

B 

15 



2$ 



30 



35 



fn otheraspects oTthe Invention there are provided a c^oiwai 

no use. „her™ e=ch of s,ld oompoMlte,. oomMM a UmoteM 

yn Mher asp,* b p„^ , ^ ptawnac-Hteal 

.;-..«w.r^r:,rr.zrrrrircar: 

"W«*,wwmiMMie™p»te«m«laciil.» "««ias capable of 



. ™, Wh.,aspeo. »e« « provloed a ™,h„d for,™«„«„, „^ ^ 

y Ttecfve amount of an fsoJated ot purified ligand or receptor mofely 
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having an affinity fora predetermFned lemplated motecule according to Iho 
^n. The rotated or purtfled ligand or receptor moiety Is prefe^bly identified by 
theabove^entlonedmethodofWentlficatlonofthefnvenaon 



Examples 



10 



The foltewing example illustrates .pecFflcemt^dlments of the Invention and should 
not be regaided as limiting for the Inventloa 



E^mpre Of eyntheels. eelectlon and «npllfice.lon of encoded p^,ep«de 
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Below described the synthesis of a library of moleculea capable of being tooted for 
desired d.a«cterto«cs.^olecules with .ievantp.^^^^^ 
tempte.ee amp«.eda.U«.inaenrichn«„t of tem^^^^^ 

enable the Isolation of moleoules with unique properties. 

A or^tempiate ,s p«,vided encoding a T7.RNA promoter sequence, a translatlona. 
NtlaBon etement comprising a Shine&Daigamo and an ATG codon followed by a 
random sequence of 18 nucleotideo and a fixed ee<,uence of 16 nucleotides JL the 

teaet 10 d.ffe«rt RNA molecules according to a standard p^cedum with the 
luAJi 77 RNA polymerase and incubated at 37«^ for 4h 

oZl. ^ "^"^'^ 9el-filtratton or by 

preparath/e geMectrophoraals accoming to standard pn^cedures. 

T 'T''"' °'^-P"^<"«y«" •"fty at the 3-^nd according to the 

d^^CdC. fonowBd by a SMarmlnal puromycln residue Is attached to the RNA 3'- 
end by ligation using T4 RNA dgase and a DNA oligonucleotide that enhance the 
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WaationeffldBncy. Following addition of Ihe DNA-puromycin^ag the RNA-DNA- 
puromydn chimeric molecutes are purified by get-fittraHon or prepamfive oel- 
electrophoresis. i- aei 

Tha purifiad and tagged i^A fragments are in vitn, translated using standaoi in vitro 
«m! k" °' """^^ components (PURE. siMmizu et al.. 2001) and 

«N^^a.fledwimFEVKA unite, standard, norv^tandard or pseudo^i^ 
The «NAs to be charged are ayntheslsed from ptesmid prepa^tions canying a 
specfic antlccdon triplet sequence but missing the 3-^nd CpA dlnudeotlda in a 
«NA synthesis mixture with the following composltton:lOO mM Tris-Hci. 22 mM 

^'.Sl! T^' 2 ""^ «P«rmIdine. 200 

of DNA template molecules. 1u/pf RNasin. and 1u/^ T7 RNA polymerase in total 

64 tf^rent p lasmid templates each encoding a tRNA sa^uence comalnlng a unk^ue 
antlcodon tnplet sequence. Subsequently, the pre-tRNAs (missing the CpA 
dmuoleolide) is puiffied using gel-flltwtion. gaNelectrophon^sIs or preparative HPLC. 

ir?^?""""'" '""^'^^^ ^^s^ by standa^l phosphoamWlte 
chemlstiy described In Robertson et al.. 1980, 1Mi. 

20 

Prior to the charglhg of the tRNAs. pdCpAdinucIeohdes a« chemically acylaled 
usmg pratected FE^ amho adds, non^ino adds or pseudo^mlno adds. 
PreferabJy. the cyanomethyl este« of FE-AA. amlnp adds. nonH«,u«l amino adds 
Of pseudo^ino acids are used for tha selective mono^acylatfon of 3' or 2' hydroxyl 

25 groupe of the adenosihe of the pdCpA dlnudaotide. Protection of sensitive amino 
gr oupB of FE^ natural-, nonnatviral. and pseudo-amino acids can be 
accompBshed byformatlon of their n,troveratorloxy(NVoc)cart«male. ester or 
ether derivatives as described elsewhere (Robertson et al.. 1991). Atematively. the 

30 (B-OC) protecHve group have been used (Robertson 

t ""^"^ '^^'^ -*«P Prior 

1' i JZ"^. Photoactlvatlon or mildly add conditions, respectively (Robertson et 
al l991. Mendel et ai.. 1995). Here, initial amlno-protecUon is by f-butyl (Boo) 
carbamate formed by addition of (Boc). and H^COs for 30 min at room temperature. 
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Forn«Ma„ofcyanomethytesterderfvaHvesofFewv.ami^ 

pseudo-amino add for Ae pdCpA acyteHpn step is acco„,p,ishod by standan* 

chemlstor f.«c using DCC (dlpydocarbodllmWe) and hydraxyacatonHrJte. 

"^a^y^^^ «ya"«nethyiasters and (he pdCpA dFnucleotida Is accomplished by 
^t^tZ ^'^^ the tot«.bu.y, ammonium 3alt 

Of ^CpA in DMP and triemytemin at 50 far 2 hours (Modified f«,m the p«,tocol of 
Robartson et al.. 1989. 1991). The Boo^mi™, p«,ec«ve 8«,ups Is ,en,ov«. by 
addcfon of CCbcooH to the mixture and reacted for another hour. The chatted and 
amino deprotectad acylated dinudeotide Is purified using p,«pamtlve HPLC 

E^ch individual dinudeotlde charged wim a apecMc fe^. natural-, nonnatu^l- or 
T '^"'"^ ^ ^ P^-^ naase in a 

ZT^ T T""^ ^2 ""M HEPES-KOH. pH 7.4. 10 DMSO. 4 

mM DTT. 20 mM MgCb. 0.2 mg/ml bovine serum albumin. 150 pM ATP. 10 % 
PEOeooo. 2.000 unite T4 RHA llgase. The .eaction Is Incubated at 37 "C for 10 
minutes and quenched by addition of vio volume 3M Na^cetate (pH 4.5). The 

uT« " T""^ ^"^^ ^""""^ P''«~'"""«'™fbnwisoamylalcohol (25:24:1. 
pH 4.6) and once with chloroform/lsoamylalcohol (24:1) followed by ethanol 
prsd^tlor, and lyophOlzad. The charged tRNA Is resuspendad in 2 mM Na^cetate 
PH 4.5 and stored at ^o -C. E,cample of a complete tRNA charging protocol is 

Rgure 27 shows the Individual charged tRNAs. In vitro translation using PURE 

1 r f^'^ ^^'^""'^ ^^''"P'^d ribosomes 

are pudfled from B coU st«in MREOOO grown in LB-bn,th at to an OD450 of 0.5 
CeHs are snap-cooled on Ice and han^sted. The ceU pellet is resuspendad In io 

Irl rr^f; ■'OO-Mammonlum acetate andemM 

me-^aploBthanol. 1 0 mg/ml of iysozyme is added and the sample is snap.f««en and 

t^ontee(3times).,nsolub.epart,desa,epelletedbycan«fugationanX 
supe^atan.1^^^^^^ 

IT :T ""^ ammonium acetate. Gradlante are 

ultracentrifvged at 28.000 rpm for 14 hours and the ribosome pn,nie In the gradient 
is monlto^d by UV^bsorbance. Fractions containing 70S Hh.«en,es are polT 
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resuspended m ribosoniB buffer and stored at - 80 "C, 

™.c=«au«, o, . PURE „^ a 
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<^o"Pted rJbosomes (ho/B. fmm £ ooiV) 
Initiation factors 1 ,2,3 
aongatlon factors G. Tu, Ts 
Ribosome recycling factor (RRF) 
10 mM Mg^cetato 
6 mM K-phosphat© pH 7^ 
95 mM K-glutamate 
s mM ammonlum-chiorida 
0.5 mM CaJclum-chloride 
1 mM spermidine 
B mM putresclne 

1 mM dfthiothrejtol (DTT) 
2mMATP 

2 mM OTP 

10 mM creatine pho^pliate 

0.5 Mg 10 fomiy|.5,6,7,6.tetrahy(lrofofic add 
0.2 )ig creatine Idnase 
0.15 pg myolcrnase 

0.06 pg nucteosldeHjIphosphate klnasa 
0.1 unit pyrophosphatase 
Enrymatfcafly or chemically charged tRNAs 
RNA template (DNA-puromycin lagged) 
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PURE translation mixtura Is incubated at 37^ for in. 

Following translation, buffer, salts, nucleotides and other low molecular weight 
components ere removed t,y gelfiltration. Furthennore. this step removes any 
translation praduots that are not ooupied to their template sequence via the 
purOmyeiiWinker. 

complexes conslsung of tmnslatlon products fused to their template is purified using 
poly(d-l>8epha«>8e (AmershamPharmacla) according to established protocols In 

for complex binding via the poly(dA)-teII of the template in binding buffer rrEN«„. io 
m«M Tris-HCl. , mM EDTA. 200 mM NaQ. pH 7.q at 4 "C. Multiple washing steps 
using binding buffer followed by eluHon using high salt buffer ITEN,^ 10 mM Tris- 
HO. 1 mM EDTA. 2 M IMaCljaDows for the purification of translation products fUsed 
to their oorrespondlnB template. Excess salt Is removed by gel^tmtlon. 

The single stranded mRNA templates are converted to doubleslrar«ted 
duplexes by the synthesis of cDNA. cDNA synthesis Is conducted by annealing an 
oilgodBoxynucteollde of the fMewIng composition; 5--GG27T-3' to its 
complementary sequence of the 3' DNA Hnker portion on the m^A template, 
incubated for 1 hour at 42 in a taction mixture of the felIowi„g composition: 50 
mM Tns^iCI pH 8.3. 50 mM KCI. 1 0 mM MgCl,. 10 mM OTT. 0.5 mM spermidine. 
200PM each of dATP. dGTP, dCTP and dTTP. Buffem and low molecular weight 
reagents ere removed by gel-Altratton. 

The functional entitles (see figure 27) comprised within the translation product each 
contain reactive groups capable of being reacted with a reactive group of an 
adjacent or neighbouring luncUonal entity or capable of reacting with a EDC/NHS to 
form a coupling belween neighbouring cartioxyirc acids and amines producing a B- 
pept.de molecule. The reaction is carried out In a roaction mixtura of the following 
composition; 20 mM Na-borate pH 9.0. 50 mM KCI. 100 mM EDC and 10 mM NHS 
and reacted > 2 hours at 40 'C. Buffer and unreacted EDC/NHS Is removed by 
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ITll T"',^'^"'" add and amine r.«ctlve g^ops an 

rrn. nf? ' " ' ^''"^^^ « Intact Hare the 

2^he„y. imRagea a« daaved by UV-,r.dlatIon at > 300 nM for 15 mln at 4 «C 

t^ngaxenonJampandpoiyslyrBnepIasticpmtecBonasiHter 11,1.^^.1 . 

T^a nbrary of tampJated melaculaa fe emptoyed for ,he selection of Hfland* havino 
de^^ p,ope^es.He«,.v. are .^rested ..aatectlng..^^^^^ 
gamma^mfnobutyric acid (GABAt A rMenmr omaing 
in facilitating sedation ^n^^ ' * « "^^^ involved 

c ^ting sedat on. amnesia and seizure protection ata (Mahler at ai.. 2002) 

GABA receptor a. aubtype a. In the bactartal expression system dpt L - ^ 

between cnr.^^» - wvaiently to a solid support matrix by chemical coupling 
Between CNB^actlvatad sepharose 4B (AmerahamPham,acla) and exposed 
atoupe on the receptor protein. exposed ammo 

tempfated molecules are poured onto a fln ml ^ . fwiot 
r-KiB Hourea onto 8 SO ml cofumn containing 10 mj of settieH 

^^21^ T'' ""^ 20 '''binding buffer Is 

B matrix dlsplayfrig the linked recombinant GABA««^„f a . ««*«P"arosa4 
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ter^iates ar» resuspenfled in tow sail buffer [50 mM Na-acetate (pH 4.5)J. 60 units 
ofchymobypsin (Roche) are added to remove renr«Wr,g peptide (spacer) backbone 
attarfied to the template sequence and the mixture is Incubated for 15 minutes at SO 
C. The reaction mixture is extracted twice with an equal volume of phenol (pH e.S) 
S toite««d by extraction with an equal volume of chlorofom. and fina«y predpHated 
using etiianol. *^ v^mBu 

The precipitated templates are amplified by PGR to generate douWeatranded DMA 
templates for transcription. The PGR reaction Is conducted using the ollgo 
10 deoxynucleotlde (T7)6'> 

CCGGGATCCTGIMlACGACIS^Cn-/^^^^ 

and (PR) 5--CCCGGGATrCGGACT/W- i„ a reaction mixture of the fellowlnfi 
composition: 50 mM TrIs-HCI (pH 7.8). SO mlW KCI. 250 pM each of dGT. dATP 
dCrrP and dTTP, 2 mM MgCI,. and Isolated templates. Following PCR. buffers and 
ufMncorporaled deo^cynOdeotWee a« removed by geiflitratlon before synthesis of 
RNA templates as described above. The RNA tompfafea a« uaed for a second 
cycle Of tagging and translation followed t>y cDNa synthesis, polymerisation of 
ftinotional entstlee. actlvatton of the encoded molecules, oounteiselectfon and 
sotedton Of Dgands and finafly PCR amplification of templates encoding selected 
Uganda. ThJsacheme b ftaratad uniHalbnlted number of dWerenl template 
sequences are represerted in the selected pool (usuaBy lesa thanlOOO different 
candidates). In most cases 8-12 cydes win nifflce. 

Finally, templates sequences isdated after 8-12 ampllflcatlon/fielection cydes are 
.dentifJed fay donlng and saquendhg enabling the idenSficatfon of the chemical 
composition of seleded ligands. These Ifgand candidates may be further 
diaradarised using phamiacoKinetic. phamiacodynamlc. toxicologic and In vivo 
isehavlouretc. 
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Description of the Figurea 



The following symbols ar» used In the fdlowing figures to Indicate genemi 
diaracteristics of the system: In fjgurss 10-24. a long horiamtel line symbolizes a 
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spacer backbone. For cTarfty. m some of the flguros only the polymerization step 
nottheacHvatlon step, has been Included. Rx denotes ftinctional groups. 

Figure 1A: Teraplatod synthesis of a linear molecule - The principle 
Figure 1 A illustrate* an example of a p«rtoooi fbr synthesis of a linear templaied 
molecule. The protocol can be divided Into 9 steps with the starting material being 
other DMA or RNA of desired sequence composition. I) RNA template synthesis. H) 
addition of 3'^ DNA-puromycin linker ill) incorporation by translation Iv) 
comptementationofRNAtempiate(cDiyiA).v) poiymerizationAond formation vi) 
activation. vM) selection/screening. vfll)ampliiication. and be) oharaeteifeation 
Template-dlreoted RNA synthesis may be mediated by enzymaa auoh as T7 T3 or 
aP6 RNA polymerase to yield translational competent RNA templates or ' 
chemical synthesis. 

A DNAsMimmycIn tag la added to the S'^nd of each RNA template according to the 
procedure disclosed by Roberts et al. 1997 which may include ligation using r«as» 
and a DNA oligonucleotide (splint) or by psoislen cross-linking as described by Kurz 
etal 2000 (se also Rgure 2). The puromyciMinker is used tn oKler to faciHtate the 
coupling between the peptide product and the nucleic add template. AddlUonal 
protocols fbr the coupflng tempbted molecules and their templates are descnDed In 
20 the 'Summary of the Invention' section. 

Ina preiamed aspect of this invention the Incorporation of building blocks intoa 
spacer backbone according to the template sequence Is accomplished by ribosome 
mediated translation. Upon completion the spacer backbone is attached covalenlly 
to its template via the puromycin enUly. Each spacer unit or a subset of spacer units 
incorporated into the spacer backbone specifies functional entities according to the 
template sequence and comprise one or more ftinctionai entity reactive groups and 
a cleavable or selectiveiy daavabie linker. The template comprises primer binding 
srtes at one or both ends (allowing the ampflfloatton of the template). The remaining 
portion of the template sequence maybe random, partly random or fixed. Annealing 
of a primer to a Hxed sequence In the template S'-end denoted the priming region 
<PR) allows temptala complementation by Reverse transcriptase forming cDNA 
Reactions between reactive groups of the functional entities are initiated in a step 
fbrming covalent bonds between adjacent lUnclfonal entities. These bonds are 
separate fl^m those bonds synthesised by the pepUdyl transferase activity of the 
35 ribosome forming the Spacer backbone. 
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Activatton involvea cleaving some pr all but one pf the cteavabtell„te« 

functional entities lo the spacer backbone *avablelmkerB that connect 

Sete^cn or screenhg enrtohing ,.e population of ten,p,ate.en,p,ated 

molecul© pairs tor a desired property ^lempjated 

Ctonfng and sequencing lnvoh«e the cloning of the isolated templat^ or 
^iB. T»H.««, „. ^^^^ 

'"«>">«>.«ni»««Holl.o<>OT«.t«>pl«,. n..piMr 
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Steps fi^ are schematic representations of steps Involved In the p«)ductIon of 
RNAs,,oteln ftielons. a. ,„us.rates a sample DNA construct for ge.emtfor» of a RNA 

C n^.' ^' '"^'^'^ RNA/puromycin corrugate. 

C. iflusliates the generation of an RNA^retein ftision. 

'*Jr.T'r -n** P8e«do^,«> acids 

capable of befng fncorporated Into peptides. 

Exampiea of amino add^ike enf «tes Known to be Incorporated Into peptides by in 
VIVO ormvttio translation. 

Figure 4: Building blocks: 

A: Example Of a first building block comprising a complementing element, a 
ftinct«MBi srtity. a cteavabte linker and spacer reactive groups 

Example of a second buBdlng bfock comprising a complementing element and 
space^eaclive groups. The shown finst bulWing Wock comprises a tRNA cha«ed 
w«i FE^ unit capable of being incorpcrated into a spacer-backbone by ribosome 
medatad translalten. Subsequent to the synthesis of the spacer-bacKbone the 

an o B Z r**"*" *^ ''"^ ^ '^'"^^'^ P""*-"^ 

an a.p disubstftuted P-peptlde, 

C: Examples of building blocks comprising FE-AA units. Shown Is the 3-^em,lnal 
adenosine of a tRNA (complementing element) charged with FE-AA units via a 
covalent bond Involving the adenosine 3' or 2' hydroxy-group. Below ere Usted 
examples of condiUons used for bond fcnnatton between neighbouring FEV^A and 
to^deavage cf cteavabte or selectively cteavebtellnkers. 1) W homobifunctional 
ac^ted esters, cleavage by nucleophile; 2) Carboxyanhydride acttvatad for step, 
by^p polymerisation by a primary amine, cleavage by nucleophile. 3) -fltHn- by 
homobininctional acttvated esters, photodeavage: 4) Thlocari,oxyanhydrlde 
achvated for step-by^ep poiymerieatton. deavage by nucleophile: S) Coumarin 
based coupling by photoactivation. deavage by catalysis (Ha/Pd); 6) Double 
activated phosphoesler unit. Coupling using dihydroxytated sud^ as l 3 
diiiydraxypyrimidine and enzymatle deavage of linkers by chymotrypsin. 7) -fiii-in' 
us ng ectivated bifundlonal asters, photodeavage of Hni«rs: 8) -filMn- by acttvatad 
n T""" ^-"^^r.: 9, Coupling by ^-in- by ketone- 

hyd,az«le react.on and by modified Staudinger. .Inker deavage by nudeophna; 10) 
-tilWn coupI.ng using double-adivated esters, photodeavage of linkers. 11) DkBtt 
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coupons ush,g EDC/NhS: IZ, w coupling using double activated ester, Bnl«r 

fl«ups. imKercieavaa^ py acwtreatmentr M)"^™^ 

acd precursor. coupHng by ring opening. Activated by a primary amin linker 

ooZ!!L ^ t««»to«ited upon ester .action vrith n adjacently 

AA coup ngarKinnkerdea^^^ 



Plgure 5: Chaigfng of a complementing entity 

Tm^H f ^'"^'^'^ '^^'-^a nay be camed out us.ng 

^ 7''"f--«^niam/noacy|.tRMA8y„theta8ea Alternatively other en^^^^^^^^ 
«pab,e Of cha,gingacomp,ementlngen«ty such as selected or e^^^ 

8. a^em,oai cha*g,ng of a complementing entity. Shown is the chemical charging of 
a tRNA using a a-atep protocol described by Mendel et al 1995 a irna 
^^nt^3.pro.,ma,CpAd.u.eo«de(U^:^^^^ 

Z^^tZ T r'^'" ^"'^ corresponding tRMA 

sequence (minus S'^d CpA). A pdCpA dlnucleotide is synlhesised using 
Phosphoamldlte chemistry and charged wHh an FE-AAenfflvT™!! • 
P^tection group(s, such a Boc. NVOC or. Po^ ^ "^'"^ ''""^""'""^ 

IhteiZ! '^^'^''^ water elimination resutting In an ester 

adenosine ^sWue. The charged pdCpA dtaudeotlde Is ligated to the 3'-end of the 

s.^; ^^^^^^^^^y '^^^rc^<^<^ usmg add. photodeavage 2 

«2^'«'*"'<'uedependingonthep,ote^^^ 

T^^T " ""^'"^'"^ ^ '""^'"^ comp,ernen«ng elemeCdcn) 
amino acids or pseudoamino acids capable of being inoo,po.Bted into a spTcT 
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Bd«tton Of FE.AA. amino acid, non^tur,! amino acid or pseudo-amfno acW to the 
pdCpA can be oondueted using olfgonucleotldea other than the pdCpA The 
charging can be conducted using mono. tt. tetm. penla. hexa. hepte. o<^. „ona. 
deca etc o.igor,ucleotldes of app„,priete sequence. Thus, the extent of the pre^NA 
to be bgated to the charged oligonudeollde should be designed accordingly. 

FIguftt 6: Bond formation and Activafion 

Example of bond fomiatlon and acthratlon by cleavage of deavabte Ifhkere. 
>«here,na dieubstituted p^,eptlde comprising two monomer units nnked tothe spacer 
b«c«,one is lbm,ed. After tmnslatlon of a RNA template thefuncfiona, entities are 
dlspl^ on a spacer backbone (shown here at every second position). Bond 
fonnailon is Initiated by deprotectlon of an amine group, tor example by a 
Photoactivation step. Next, the primary amine attacks the carbonyl gwip of a 

CSO This reacdon produce a primao, amine for a second bond fom^tion step 
involvmg the neighbouring NTAninlt resulting in the fomiatlon of a P-peptlde 
comprising two monomer units and a no,»^eavable OnKer. Subsequently, the p- 
dipepfde is activated by deavago of the esterllnkages oonneotFng the P-pepHde 
unite and the spacer backbone resulting (n a p-dlpeptide connected to the spacer 

d^rrr ""^"^^^ ^"^^'^ the p- 

drpepbdemaybeattachedtotheapacerbackboneatanysuitableposition.^ 
P^erabVat the ctermlnus of the spacer backbone. Forsfmplioily. the template 
has been omitted from the figure. « p w 

Figure 7: Display of FE^infts by Incorporation Into an o-helbc 

^TJZT' °* ^^"^ ^'Mayed on the eame face 

of the helix such as in position 2. 6. 9 etc or p,«fe,a,«y as closest neighbour In 
posrtion 2. 6. 10 etc according to the hefix stmcture. 
B: FE-units Incorporated at every fourth position in an a-helix. The template Is 
atted,ed to the spacer backbone at any convenient position (here, at the C-tem,lnus 
Of tiie spacer backbone). Following bond fomiatlon and activation of the linked FE- 
un«s the tempiated molecule is fom^d. The templated molecule Is attached to the 
spacer backbone by one or more linkers and physically attached to Ha cognate 
template via the spacer backbone. Following selection of templated molecules wRh 
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desired properties, the appended template le amplined end transcribed by rna 
pofymemsB. Purified RNA is tagged by DNA/puremycin in the RNA 3 -and 
purified and translated. ' 
To pravent Interferanoe In the selection praoedura it may be advantageous to 
remove the main portion Of the spacer beckbone. One method Ibr Ilnto^ 

I'^'TT * °' ^^^'^^ N.tem,lnal of the 

spacer backbone unit connecting the templated molecule and the spacer backbone. 

Figure 8: Display of functional entities by a colled^oil stnietura 

Transition Of a template win pn,duce a spacer backbone (peptide) comprising FE- 

un^. A subset of spacer backbone units incorporated Into the template spacer 

interaction between two spacer backbones each comprfsing FE-unlts or between a 

T K.T ^""^ ^ ^^"'"'^ «Pacer.bacKbone may be 

^ " ' ^-^-o •'^"«'^M°n or by 

punncaton irom celte of any source exprassing any desirable spacer backbone 

by intramolecular .nteraction between spacer segments separated by a turn 

«.nked to rts template via at least ono spacer unft. The template::.BmplatBd molecule 

foBowad by transcription producing RNAs for DNA/puromydn tagging and 
subsequent trarwiatten. sb sana 

tI"!'' °'^*"«y-"-««onal eaOUea by a collagen trtp.e4«Hbc struolu,^. 

Translation of a template produce a spacer backbone comprising FE-unlls and 
spacer units enabling fom,a«on of a triple helfx coHagenJike stmctura. Subsequent 
to trans.et.on the triple helix stractura Is produced by Intaractton between three 
spacer backbones comprising FE-unH« or between one or two spacer backbones 
compns.ng FE-units and two or one spacer backbone not comprising FE-units. 

ZZTT ""^"^^ ^^^^^ Chemical 

synthesis, in vit-o trans.a«on or by puriflcatton from cells of any source exprasslon 
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c«3S.Hnked. aaavage of a subset of „nlce« produce a templated „,olecuIe. 

preferably connected to the spacer baeWbcne by a single linker 
5 JJP^'^-'^^'"'*'**^^ «»npte«« w«h desired chameteriatice can be 

5 selected and their templates amplified enabOng enrichment of tempteles encoding 

moleculee with desired properties. P«w«encooing 

Figure 10. Cteavabte linkers and protection groups 

iu a'^d the products of Cleavage. 

T? 2' ''^^'"^ '^^^ «>«'w^« neighbouring reactive groups 
Porc^aH^^oniythepoiymerlzationre^^^ 

15 Z2 '^'""^^'^'^^^ InthiscasB.hetwo 

IS reactive groups are identtcal. 

w.«n «.e monomer building bioclc has bean ,aco,„,^ted , or ,s Induced by a change 
exposure, for example) 

20 

Figure 11 exampte 1. Coumartn*aeed poJymerizaaon. 

^ Examples of funchonal gmups (phosphate. caAoxyilc acid and anHIne) are shown. 
Figur* 12. Polyr„err««o„ beh„a,„ neighboring non^dent.cai reaoUve groups 

TsL ""^ ""'^'^ *^ ineorpomtlon of building blodcs 

^ <-«''owninthefigure).orafterlnco,po,3tionofsevB«,buridIn9blocks. 

Whrthe ;„^"'^^*'™'*™ -''"rectlonal polymerisation. 
When the .ncorpomted monomem a,e not fixed with reganJ to rotation about the 

HHKer bond that .inks the functional entities ,othespecerbac,cbone.clur 
fiomiation may result, as shown In the figura. 
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This represents a significartt problem tor longer polymers. The prablem may bo 
solved by 0) fbclno the irjcorporated monomef« in a prefened orientation which does 
not allow X and Y (raacfiva groups type ll) to exchange positions Ir, the array (e g 
by coupling the functional antity and tha eomplamenting aiamant via a doubia bond 
5 pr two bonds, e.g.. coupling the functional entity to the Ca^MJsWon and the amino 
group of the spacer backbone units, (ii) employing directional polymerisation 
rapping-, sea for example figure 17). or (ill) setting up conditions that ensure that 
the monomers react during or right after Incorporation into tha spacer backbone i.e., 

each monomer FE-unit reacts with the previously InCOiporaledFEMjna before the 
10 next FE-unit is incorporated (see for example Figure 14. with axamplaX 

Q Figure 14. Zlpplrtg.|>o|ymen2atien and simultaneous activation 

Pdymartzatlonniauitslnacavattonofthapolymar. Tha geometiy of'the reaction 
between x and Y la in this example the same for ail monomais participating In the 
15 polymerization 

Flaure 14. example 1. Simultaneous incorporation, polymerisation and 
activation - fonmatfen of peptides. 

(A), complementing entitlea specWying spacer backbone monomers to which amino 
acids thioastara have been appended, are incorporated into a spacer backbone. 
During or incorporation of a spacer backbone monomer, the amine attacks the 
carbonyl of the (previously Incorporated) neighbouring spacer backbone monomer. 
This results in fbrmation o/an amide bond, which extends the peptide one unit 
When tha next monomer is Incoiporated. this may attack the thioester cartwnyl 
resulting in cleavage of the dlpepHde from the spacer backbone monomer, to fonn a 
tnpepl.de. The process continues further downstream the complementing template, 
until mcorporatten of monomers in the spacer backbone is amtsted. Importantly, the 
geometry of the nudeophHic attack remains unchanged. As the local concentration 
of nudeophilic amines Is much higher on the template than in solution, reactions In 
solution IS not expected to significantly affect tha fermatlon of tha correct templatcd 
molecule. Furthormora, the reactivity of the amine with the ester may be tuned In 
several ways. Parameters that will affect the reactivity include: (1) pH and 
temperature. (li) length, point of attachment to the backbone spacer monomer, and 
Characteristics (charge. rigidHy. hydrophobicity. structure) of the linker that connects 
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reacDVity towards nudeophiles^ 
«™««on.(6niM<loi>o»»|w(yMiiine. 

Place during or after incoiporaflon o/the monomere. 

Figure 15. example 1. Poly^roine forr«atIon by lliMn D«»lvmeri»«„ 



Fiatira 15. example 2. Polyamfde formaUon. 

After Incorporation Into a spacer backbone nf pc a a 
35 reactive g«up8. eoc (l-eS^IlS^I!!! ^ f 

H . isu^, 6tftyl'3K3^lmethylamlnopropyi)carbodllmIde) and 
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»««» at a .HTrrf ! "t«) «, be MOM m 

disjarboxvMc adds a« "ncorpoiate FE-AA units eomprisins 

^rooxyirc acWs as reactive groups, and than add dl-amlnes and edc i„ f 

amida bonds between fndlvidual FE-units The backb^r!^ 

i*«wiipl. J. Pc(yiwifcnn.tto„. 
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. to Iten «„ B„^ted molec«, «» Fe^nlt. n,.y bo 

b««.oon>p™ml«.orHmayb«»moloo«fflWlt,d.co™^ 

<w """enwetemplaedmotecufeistong). 

>n (B). the chiral carbon of (A) has been replaced by a nlbogen As a re^m th« 



Flaur* 15.*xampte 5. Polyphosphodlesterfonnaaon. 

Th^ mco/porated nucleotWe derivatives react with the activated phosphodlastor to 

An example ofan appropriato toavtngproups (Lv) is Imidazole. 

Flflure 16. «amp,e 6. Polyphoaphodfester fom,al,on wHh one ««cUve group 
In eaeh monomer bulTdlng Mock. ^ 

?a dIhZr? ^" PHosphodlaster. Upon addition 

pon^Phosphodlesterls formed. Flna,.y.maft.nc«ona. groups R. are 
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FIfluren. "Zlpprng-polymerizauon. 

The initiator mo;eeule (typicaiv locatad st ««« «f .u 
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InJ^ T H ! ^" "^'"^ — "ave bean 

c^ne^ The acdvatlon of the inittator (and reacHve groups Y) may be both for 
.^c.by,tonthe„e.ghbourt„g,eactK.g.,„p.^ 
neighbouring reactive group. 

Figure 17. example 1. Radical polymBriaation 

^h,l^tt,r molecule, en lod.de. la activated by the addition of a radical Initiator, for 
example ammonium perauiteb. AIBN (azobls-lsobutyronltme) or other radical chain 

«.dical and a bond bet«,eer, the fir«, *„o monome,,. Eventually the whole polymer 

bforn^d and the polymer may beacuvated.«*tohsimu»an^^^^ 
nincnonal groups Rx. 

Figure 17, example 2. Cationie poiymerteation. 

bond Of the neighbouring monomer reacts with this cation, whereby the positive 

"^T^"^ nelghbounng monomer. Eventually the whole molecule Is 
fanned, and finally it b activated. 

Figure 18. Zipping polymertratlon by ring opening. 
21 Zy.T" """^^ ^ '"^ wwch opens the 

reaction with a reactive group X In a neighboring functional entity. 

amine^en attacks me carbonyl of the neighbouring IVMhIocarboxyanhydnde mA) 

Zl ' T ^ " ^"^ ^ ""^'^ ^"'^"^ S^"^"'*^-- ™. amine 

now react with the next NTA unit in the array, and eventually all the NTA units 

wfll have «acted. to fom, a yb-peptide. Finally, the templated molecule Is activated. 

thiocarboxyanhydndes. one might use cart,oboxyanhydrides. 7T« iniaator might be 
pmtected with a base- or photo^bile group. „ a base^abile protection Jlp 

Chosen, the stability of the carboxyanhydrwe must be considen^AthUpH^ 
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om li» macte. using tfmiar cyiac MiuautM ™ 

<:=~?r--— ^^^^ 
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on the condittons the attack will h*. «» * ^ Depending 

yo «"2ymaDcactMjy) may be performed in 
molecle and the ^r^^ted?? r*^"* "^^"^'"'"^ ^ ^Pedfic tempbt. 
aiK,te.p,ated;cre:^rrp:2^^^^^^^ >""^i.way.t.e.e.p,ate 

cha.c.e.stN»„,ayI^rdZt""^^^^^ 

rowndofecieenlng. ^''*''^**^'**''«^"«y then fie exposed to a new 

rea^angementof building Woe. XZJ^TZ T ' 
ft»r»act»on w«h y. After a numt,er of raaUs ^^T' '^'^ 
been fbmied. reacHons and reanangemente. a polymer has 

«gu« 20. 2rppfna.polymer««rtlon and aettvation bv Hn . 
Reaction of the initfator with x in iha ri„« , ^P^n'-S- 
ac«vat,onofY.Vcan™r~^^^ 
POsltfonedfOncttonal entHy Ma Zl^ "^^hbounng or acsacently 
-«sed.o.thocomp.el'„^;r„^^^^^^^^ 
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FIflure 21 . Directional polymer formation using flxod funetiom,! unKs. 

(A) The ftincttonal entity of a buflcfing block may be attached to the complementing 
^ement through t^o bonds. This may f«t the ftinctlona. entity In a gtven orientation 

5 '^.'"'^^^^^'^^ AsarBsait.rabfionaroundthe.inKerU«tconnecl8 
5 a functonar entrty and .he apaoer backbone (as depleted in figure 13) I, not 
possible, and duster fomiatlon therefore unlikely. 

(B) ln«^ration Of such confemiatlonally restricted FE.^^^^ 

(X.n (A) above) in praximity to the ester (Y in (A) above). This ester may be 

10 '^.r*^"^*"'"''^"'"'*-^^'^""™™^ After taction of the 
10 amine and tho estor. a polypeptide Is tbrmed. This polypeptide will be a direcfional 

© ^e'.wfth N.to.C-ten„,na»dFrectionahty. In the present case, the polymerisation 

^ macOon w.« cleave the ester fiom «ie spacer backbone to which it is linked 

15 »««<^«J'n<»therway». Fbr example. ti« functional entity may be coupled to the 
spacer backbone th^K^gh a double bond to Ca of the spacer backbone monomer 
on.t - ft may be attached through one bond connecting Co and the functional entity 
and the amino terminus of a spacer backbone monomer unit. 

Figure 22. Templated molecules. 

20 A non^xhauative and non-limiting list of molecules that may be templated by Hie 
vanous principles described In the present Invention. The ifet reffere to any linear 

Iteted. and/or contain several bonds of the same kind (e.g. amide bonds). 

Heteropolymen, (hybrlda of dWta«m polymer types) can also be templated by ti,e 
26 present Invention. 

9 Figure 23. »«eacuve groups (polymer precursor*). 

A list of some cf the precu,«,« that may be used in the templated synthesis of 
various templated moleculea 



Figure 24. Functional groups. 

A Ibt of some Of tt,e functional groups. R, (lunctlonaBties). that may bo used with the 
temptefng schemes In the present Invention. The functional groups may have to be 

35 . ' '««'^'««°«. polymerization, and/or activation, or may have to be 

35 introduced post acUvation. 
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n»« 2* Ex«»p,. <*. p««.. w ^ 

axsNHs coupfco tai««, »« ^OOH areuw 

awivaDontcteavaaeJ rtwy be fequired (SB© Rgure 20). 
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Claims 

1. A method for synthestefng a templated moleciiio comprising a plurality of 
Ainctfonal groups, said method oomprising ihe steps of 

i) piovidins at least one template comprising a sequence of n coding 

elements selected f«>m the group consisting of fiist coding elements and 
second coding elements, 

wherein each coding element comprises at least one recognition group 
capable of recognising a predetemilned complemenflng element, and 

wherein n Is an integer of at least 3, 

with the proviso that the template comprises at least 3 mat codirig 
elemente, 



«) 



providing a plurality of bufldlng btocks selected from the group consisting 
of first building blocks and second building blocks, with the proviso that at 
least 3 fTrst building blocks are provided. 

wherein each first building block comprises 

a) at least one complementing entity comprising a first oomptementing 
element comprising at least one recognition group capabte of 
recognising a predeterninied first coding etement. 

b) at least one fUnct/onal entity comprising at least one functional group 
and at toast one functional entity reactive group, artd 

e) at least one spacer comprlsino at least one spacer reactive gr^up. 
wherein the spacer is separating the at least ono functional entity 
from the at least one complementing entity, and 

wherein each second building block comprises 
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a) at least ona complemenBng entity comprising a second 
complementfng element comprising at least one recognftlor, group 
capable of recognising a predetermined second coding element. 

b) and at least one spacer comprising at least one spacer reacUve 
group. 

«) compiementrng coding elements by contacting each coding element with 
a building block complementing element capable of WJOgrVfelng aahl 
coding element, wherein at least 2 coding elements are interacting with 
GompiemanHng elements simultaneously, 

with the proviso that a total of at least 3 Hrst coding eiemervts e^re 
complemented: and 

Iv) forming a spacer baei*one by linking neighbouring spacers in a 
ribosome catalysed reaction by means of reacting spacer reactive 
groups, and 
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Obtaining e templatod moleculo comprising at ieast 3 covalently linked, 
functional groups by linking, by means of ^acting functional entliy 
reachve groups, a functional group of one fiincGonal enlily to a functional 
group of another adjacently positioned, functional entity and linking saM 
other functional entity to yet another adjacently positioned luncttonal 
entity* 

2. The method according to claim i . wherein step ni) to iv) comprises the steps of 

a) complementing 2 nelgbouring coding elements simultaneously by 
contacting each coding element with a buBdlng block complementing element 
espable of recognising said coding olomont, 

b) forming a spacer backbone by linking, by means of a reaction invoMng 
spacer reac«ve groups, the 2 building block spacers. 
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l^Tm' ^ P«.d«termined coding etement by 

con(act.,^saW codmg elementwfth a bunding block comptementng etelnt 

rZg'^irsZ:""^^""'^^^ 

performed in the order mentfoned. 

4. M«*«'^dalm2.whe,^«tep9c)andd)arerepeatedatlea6ttwlc. aufth«. 
^3tedat,ea«tb.et^s.rorexan.p,eat^;4«„::r^^^^ 

^«20tl„,es.ft,rexarnp,aat,east30tlmes.suchasatteast40.foroxan,p,eat 
»a« ISO timw. ftirBMmpl. « toast 
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V) breaKing the covalent bond between the spacer backbone and at least 
one functional entity. 

9. The method acooiding to claim 8. wherein the covalent bond is selected fmm the 
group consisHng of cleavabto linkers and selectively cteavable ilntore. 

10. The method acootding to daim 8. wtierein all covalent bonds between the 
spacer beckbone end the fUnctionel entittes are broken except Ibr one. 

11. The method according to any of daims 1 to 10, wherain the template comprises 
a ratio of flnst coding elements to second coding elements of 50:1. such as 40:1. 
for example 30:1. such as 25:1. for example 20:1. such as 15:1. for example 
10:1, sueh as 8:1. fbrexampte 8:1, such as 5:1. for example 4:1. such as 3:1. for 
example 2:1, auch as 1.1. far example 1;2, such as 13, tbr example 1:4. such as 
1:5. for example 1:8. for example 1:7. such as 1:8. for example 1:10. auch as 
1:15. for example 1:20. such as las. for example 1:30. such as 1:40, for 
example 1'.50. 

12. The method aocordfng toany of claims 1 to 11. wherein the template comprises 
at least 1. for example at least 2. such as at least 3. for example at least 4. such 
as at least 5, for example at least 10. for example at least 15. such as at least 
20. for example at least 30. sueh as at least 40. for example at least SO. such as 
at least 75. for example at least 100, auch aa at least 150. for example at least 
200 elements first coding elements. 

13. The method according to any of claims 1 to 12, wherein the template comprises 
at least 1 for example at least 2. such as at least 3. for example at least 4. such 
as at leasts, for example at least 10. for example at least 15. such as at least 
20. for example at least 30. such as at least 40, for example at least 50. such as 
at least 76. for example at least 100. such as at least ISO. tor example at least 
200 second coding elements. 

14. The method according to any of claims 1 to 13, wherein the ribosome Is a wlM 
type ribosome. 
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15. Tte memod according to any ol claims 1 to 14. wheiein tha spacer backbone 
only comprtses spacer «siduea that a«» Erectly attached to a Mnctfonal entity. 

16. The method according to any of claims i to 15. whamin the spacer backbone 
wmpnsas spacer residues that are directly attached to a functional entity. 

ev«y two spacer residues that are directly attached to a functional 
STB separated by a minimum of 0 spacer residues that are r«>, directly 

^f"'' ^'^^ ""■"'^ ^ ^' ^''^ ^ 2 first, for 

axamp.^around2.auchasaround3.forexamplaaiound4.auchaaaround6. 
for example amund 6. for exampte arcund 7, such as around 8 to 10. for 
««mple around 10 to is. such as amund 15 to 20. for example a«,und 20 to 30 
spacer residuea. that are not dl-ecUy atmched to a functional entity. 

1 7. The method according to any of dalma 1 to 16. wherein the spacer backbone 
has the form of an a-hellx. 

has the form of a cof led coH. 

19. The m^od according to any of claims 1 to 1 8. whei^ln the .pacer backbone 
has a tbnr. selected fton, the group consisting of p^heets. beta-h,m. beta-helbc. 
helhctum helbc, panof a coltegen structure, or part of a zincflngar stmcture. 

^'TnTT ' *° "'a spacer backbone la 

' """^ '"^^ '^'^ 

21. Tha method according to claim 17. wherein the spacer backbone comprises one 
funchonal entity per haUcal turn of the spacer backbone. 

22. The mathod according to dafm 17. wherein the spacer backbone comprises a 
functional entity for every /| spacer resMues. 
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23. The method aoco^llng to any of claims 1 to 22. whemin n is an mieoer of more 
than 1 and less than 1000. for oxampte between 5 and 500. such as bet«reen 1 0 
snci luOk 

24. The method of any of claims ito 23. wherein the spacer backt»ne is a finear 
sequence of spacers. 

25. The method according to any of claims 1 to 24. wherein the complementins 
entity Is a tRNA like stniciuitt. 

26. The method acco««no to any of claims 1 to 25. yA^o the complementing 
entity Is a tRlsiA. 

27. The method aooorting to any of claims 1 to 26. wherein the comptemerrtlna 
^o enbfy IS a ftseudoknot 
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28. The method of any of claim, i to 27. wherein the complemenltng elements 
•elected mom the group consisting of nucleotides, nucleotide derivatives 
nucleotide analogues, and any combination thereof. 

29. The method acconJing to any of claims 1 to28. wherein each complementing 
element consists of 1 nucleotide, such as 2. for example 3. such as 4 for 
Z^Zn2T lOto 16.euch ae 15 to 20. for eKampie 

30. The mothod of claims 28 or 29. wherein the nucleotides are rfbonudelc adds 
comprismg a base selected fn>m adenine (A), uradl (U), guanine (G>. and 
cyloslne (C) and derivatives and analogues thereof. 

31 Method according to any of dalms 1 to 30. wherein the complementing element 
IS an anticodon. 



32. Method according to any of claims 1 to 30. wherein the template Is 



nudeicacld. 
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33. Method according taany of ctafms 1 to 32. wherefn the tamplato Is a nudeic 
add. wh«h can be template of a ribosome mediated translation. 

34. Mettiod aborting to ctelm 33. wfremln thetamptete comprise, or consists of 
RNA or a derivative or analogue thereof. 

35. The method according to any of claims 32 to 34. whe.eln the template 
cornprieee RNA residues that are modified on the 2' position of the rlbose 
molB^. 



10 



9 38. ^"ethod accortlng to any of daime 1 to 35. v,he.^,„ the temptate ie capped 

37. The method according to any of claim 1. wherein the template is mRNA. 

20 '^ 'HT"' '°»'-»'«'««"t'«««««ngetemenlsareeelected 
. «'"slsung Of nucleotides, nucleotide derivatives, nucleotide 



analogs, and any combFnatlon thereof. 

40. The method according to any of clafms 1 to 39. wherein each coding element 
cons,3t.of 1 nuCBo«de.suchas2.forexample3.suchae4.l.rexLp.n 
sud, as 5 to 1 0. for example 10 to 15. such as ,5 to 20. for example more than 



30 



41 . The method of daim 40. wherein the nudeotides are rtl«,nuclelc adds 
comprising a base selected from adenine (A), uradi (O). guanine <G) and 
cytoslne(C) and derivates and analogues thereot 

42. Method according to any of dalma 1 ,o 41 . wherein the coding element is a 
coaon. 
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fiom (he group consisting of amino acids. 

44. The niettiod according to any of ciaimo 1 to 43. wherein tha apacar seiected 
from the group consistino of a-amino acida. 

46. Method according to daim 43. wharain the amino acid Is a standenl amino acid 
residue or a derivative thereof. 

46, The method aacorting to any of clalma l to 45. wherein the spacer consists of a 
naturally occunring amino acid residues Including the entire slde^in and 
wherein the spacer does not form part of the functional entity. 

48. Method according to claim 43. wherein the amino add is a modified standard 
amino acid. 

« least 1 . such as 2, for example 3. such as more than 3 spacer reactive 
groups* 

^^•'^«*^^^«»;'''"g«°-yofclaims1^^ 
25 ^^^^'^ete^'framthegreupconsIsHngafacylsandamlnes. 

51. TTie method according to any of claims 1 to 50, wherein each spacer comprises 
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52. Method according to any of claims 1 to 3. wherein linking according to step iv) 
oonsiata of the formation of an amWe-bond. 

'''I'^llT'''"" '° 7°''''"™' ' '° •headjacenfly positioned 

fur»ctional entities are positioned sequentially on the spacer backbone. 
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64. The method of any of claims 1 to 3. wherein the fiinctienal entitles are selected 
from the group consteHng of Oramino adds. Mmino acids, y-amino acids. 
6 amino acids. 

5S. The method of any of claims 1 to 3. wherein the templated motecule comprises 
or essentially consists of amino acids solocted from the group consisting of a- 
amino acids, p^ino acids, ^amino acids, o^mlno acids. 
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Q 56. The method of any or claims 1 to 3, wherein the templaled molecule comprises 

or essentially consists of a-amino adds. 

67. The method of any of claims 1 to 3. wherein the templated molecule comprises 
or essentially consists of monosubatRuted onamino acids. 

58. The method of any of daims 1 to 3. wherein the templated molecule comprises 
or essentially consists of disubstituted e^nOno adds. 

59. The method of any of claims 1 to 3. wherein the templated molecule comprises 
or essantiany consists of monesubetHuted fKamino adds. 

60. The method of any of claims i to 3. wherein the templated molecule comprises 
or essentially consists of disubstituted p-amino adds. 

61. The method of any of daims 1 to 3. wherein the templated molecule comprises 
or essentially constate of trtsubstltuted Mmino ackls. 

6^ The method of any of daims i to 3. wherein the templated molecule comprises 
or essentially consists of tetiasubstituted p-amino acids. 

63. The method of any of daims 59 to 62. wherein the backbone slmdure of said P- 
ammo adds comprises or essentially consists of a cydohexane-baddJOne 
and/or a cydopentane-bactcbone. 
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64. The method of any of Calms 1 to 3. whereU, the tamptoted nwlecule comprisos 
or eseenUally consfstB of y-anilno adds. 

65. The method of any of datms 1 to3.«hemrn thetemplaled molocuie comprises 
or oesonUally oonsfets of w^miho adds. 

66. The method of any of claims 1 to 3. wherein the templated molecule comprises 
or essentiaUy consists of vinyloaous amino adds. 

87. The method of any of datms 1 to 3. wherein the templated molecjle comprises 
or essentially consists of N-eubstituted glycines. 

^' rZl^ °' "^"^ ' '^'^'^ ^^'"Prtse^ 

or eseent«ny consists of luntlonel grmipe and^or functional entities selected from 
the group of «.peptldes. J3-peptides. r-paptidee. «^«ptWes. mono-, di- and trf- 

amino acid residues are m the L-fom, or in the D-fom,. vinyiosous polypeptides 
glycopoly-peptldes. polyamldes. vlnylogous sulfonamide pepL 
polysulfbnamlde. oon^Jflated peptides comprising e.g. prosthetic groups, 
polyesters, polysacdiarides. polyoart«mates. polycarbonates, pdyureas. 
po^peptldylpbosphonates. polyurethanes. azatfdes. Oligo N^ltuted fliydnes. 

(PEG) pojrethylsnw, polydisulfWes. poft^arytene sulfides, polynudeotides. 
PNAs. LNAs. morphonnos. oligo pyrrdlnone. pdyoximes. polylmines 
polyethyleneimines. polylmldes. polyacetate. pofyacetates. polystyreim 
Pdyvinvl Bpids. Phospholipids, glycdlplds. polycydic compounds comprising 
e.g. al.phat», or aromatic cydes. induding polyheterocydfc compounds, 
pwteoglycans. and polysitoxanes. Inteuding any combination thereof. 

69. The method Of any of dalms 1 to 3. wherein neighbouring residues of the 
tempteted molecule Is linked by a domical bond selected from the group of 

bonds, ester bonds, 
sacdvaride bonds, carbamate bonds, carbonate bonds. u.Ba bonds 
Phosphonate bonds.urethane bonds, azatide bonds, peptold bonds,'ether 
bonds, ethoxy bonds, thioether bonds, single carbon bonds, double cart,on 
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bonds, triple carbon bonds, disulfide bonds, sulfide bonds, phosphodtester 
bonds, oxime bonds. Imine bonds, imide bonds. Indodlng any combination 
thereof. 

6 70.Themethod of anyof claims 1 to 3. wherein the backbone structure of said 
templated molecule comprises or essentially consists of a molecular group 
sele^ ttom -NHN(RJCO. ; .NHB<R)CO. : -NHC(RR.)CO- ; -NHC(=CHR)CO. ; 
-NHC H, CO.; -NHCH, CHRCO-; -NHCHRCHj CO- : <SOCH^ ' -COS- 
^ONR- : ^OO- : -CSNH- : ^H. NH- ; WH,. ; -CH, «. ; ^H, SO- • ' 
10 <)HaSOa. ; .CH(CH,)S. ; -CH^CH- : 44HCO- .• -NHCONH- ; -CONHO- 

-C( =CH,)CHr ; -PO. NH. ; .P0. CHr : -PO^mN*- : -SO^NH"- ; and teotams. 

71 . The method of any of dalme 1 to 3. whe«in the templated molecule comprises 

1 B irT"^ °' ^ '""'^ Sroupa. such as at least 3 

different functional groups, for example at least 4 different functional groups 
such as at least 5 different funclional groups, for example at least 6 different 
ftinrttenal groups, such as at least 7 different functional gmups. for example at 
toast 8 different functional groups, such as at least 9 difR»rent fUnct«,nar groups 
for example at toast 1 0 dif^eront fUncMonal groups, such as more thani 0 

*5U aitferent functional gioups. 

72. The method of ary of claims Errorl Unknown awiteh ar«ument to Errorl 
unknown switoh argument, wherein the lUnotknai groups are MenUcal. 



29 



SO 



35 



73. The method according to any of claims Errorl Unknown switch argument to 
Em»rl unknown switch aiaument. wherein each fl^nctional entity comprf^es 
mors than one. such as 2. fbr example 3. such as 4. fbr example 5. such as 
more than S fUnctkinal entity reactive groups. 

74. The method according to any of claims Errorl Unknown switch argument 1o 
Errorl Unknown switch argument., wheiefn the functtonal entity reacbVe 
groups are selected ftom the group consisting of N^oxyanhydrlde (NCA). N- 
«i.oaart,oxyanhydfide (NTA). amine, carboxyllc add. ketone, aldehyde, hydroxyl. 
tt.iol. ester, thioester. any conjuseted system of double bonds, hydrazine. N- 
hydroxysucdnlmkie ester, and epoxide. 
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75. The method according to daim 74. wherein the funclfonal entity leacHve group is 
an efectrophne. 

5 76. The method acconiing io cTaim 75. Wherein the lUnctlonal ertlty raacBva group is 

77. The meH»d aoconJIng to elalm 76. therein the tuncUonal entity reactive group is 
9 radical. 
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78. A temp ateftemplated molecule complex comprisfng a template and a templated 
molecute. whertin the template encodee the synthesis of the templated 
molecule and wherein eald templated molecule oomprises at Jeast 3 covalently 
imlcedftjnctional groups. ^ 

79. A templateflemplated molecule complex comprising a terr^piate and a templated 
molecule, wherein the template templates the synthesis of the templated 
molecule and wherein said templated molecule comprises at least 3 covalently 
l.nked nincHonal groups, with the proviso, that the templated molecule Is not a 
standard polypeptide. 

80. The complex according to aoy of claims 78 and 79. wherein the complex 
Ruthemore comprises a spacer f>ackbone. 



25 
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81. The complex according to claim 80. whe-^in the spacer backbone Is linked to 
the l«mplated molecule by i . such as 2. for example 3. such as mom than 3 
eovalent bonds. 

82. The complex according to any of claims 78 and 79. wherein the template is 
linked to the templated molecule via a puromycin linker. 

83. A plurality of templated moleoules. wherein the piui^llty comprises at least lOOO 
driTerent templated molecules and wherein said templaled molecule comprises a 
sequence of at least 3 fUncuonal groups, each encoded by a coding element of a 
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template, with (he proviso, (hatlho templated molecule is not a standOTd 
polypeptide. 

64. A Plurality of templateftemptoed molecule complexes comprtsjng at least 1000 
different template/templated molecule oomplexe, whereih each 
template/templated mdecute complex is a complex accoidfng to any of dalms 
78 and 79. 
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Example o f a first building block Figure4A 
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Example of a second hMiMi»|. ki^^|^ Tig^rc4B 
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Figure 4C; Eyampl^g ^ ftRNAs charged with Fl 



1) 



2) 



tKNA 



T i 



3J 



tBNA 



•4 i" 



•Mi--. / 




33 



16/08 2003 HAN X8:54 FAI 



Figure 4p f^ntinuftri 



Modtaget 
16 JUNI 2003 
PVS 



12034/040 




34 



19/09 2001 MAN 16:S4 FAX 



16 mi 20Q3 
PVS 



121095/040 



^X^L^"^"" Of «NAs catafysed by 
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Figuro 5B: Chemical aminoacylation of tRNAs 
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Figure 7: alpha-helix display of functional entities 
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Rgure 8: Coried-coil display of functional entitles 
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Figure 9: Display of functional entitles by a collagen-llka 
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Figure 10. Cleavable linkers and protection grouDs dcavina 
agents and cleavage prodncts. "« groups, cleaving 
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' ^ ' '^o^y™®^'^***®" by reaction between neighboring reactive 
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Figure 11, ex.1. Co«marin4)ased polymerizatioii. 
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Figure 13. Cluster formation in tiie absence of directional 
polymerization. 




^ roialt on about linker-bond 




^ X and Y rcacte 




^ no further reaction possible 



I 



4 



16/08 2003 MAN 10:68 FAX 



Mocftaget 
t6 JUKI 2003 
PVS 



9008/038 



Figure 14. Zipping-polymerization and simultaneons activatton. 
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Rgure 14. example 1. Polymerization and activation (ttiioesters) 
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Figure 14, example 2. Pctyamine 
fonnatlon and activation 
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Figure 15. "Fffl-itt- polymeriatioii (symmetric XX monomers). 
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Figure IS, example 1. Poly-iniine formation by filMn polymerization. 
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Figure 15, example 3. Polyurea formation 
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Figure IS, example 4. CMral and achiral 
polyamide backbone formation 
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Figure 15, example 5. PoiyphosphodlesterfonnaUon. 
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Figure 1 6. »FiU-iii» poiymerlzation (asymmetric XS monomers). 
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Figure 17. '^ yjppjng'^ nrtlYmeriaaHoii. 
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Figure 17, example 1. Radical polymerization 
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Figure 17, example 2. Cationic polymerissation 
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Figure 18. Zipping polymerfaatioii by ring opening. 
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Rg»rel8,^ple2. "Zlpping».poIymeri2atioii of 
z^-diphenyltliiaziiuinoiie unhs to form p-peptides. 
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Figure 18, example 3. Polyether formation by 
nng-openrng polymerization 
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Figure 19. Zipping-polymerLeaaoit and activation by rearrangement. 
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Figure 22. Templated polymers. 
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Figure 23. Precursors - examples. 
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Figure 24^ Functional groups - examples. 
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Figui, 2S. Polymer, and the functional entitles require to make them. 
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JFig. 12, 
alkylatinfl acient jFig. 21 



glycogen 



|pig. 12. 



polysaccharide Fig. 12, 
synthetases [FrQ- ' 



Kahne conditions Fin. 7i 



carbodumide 



I Fig. 12, 
Fig. 21 
I Fig. I? 
iFIg, 21 



Specific 
Figure 



Fig. 11^ ex. 1 



Fig 15. ex. 3 
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Hgure 25. Polymers and the functional entities raqairad to malce them. 



B. 



Polymer 

polvamlde 


Functional Entitu 
(reactive grouf^s) 
di-amlne 


Unkinf^ molecule 
ui*carcoxyiJC acid 


_ Catalyst^reaqen 
carbodlfmlde 


General 
Figure 


Specific 
Figure 


poJvamide 

Klvamide 


dj-carboxylicacld 
amine- carboxyUc add 


_ dl'amine ^ 

amine, carboxylic 
_ add 


carbodllmlde 
carbodilmitfe 


Fig. 15 
Fig. 15 

Fig. 16 


Fig, 15, ex. 2 


o-DOiyoeDtlde 


carboxvanhvdride fs. 
membered rlna> 






Fig. 18 




&-D0!yD8Dtrdfl 


carboxyanhydride (6 
membered rina^ 






Fig. 18 




Y-PolVpeDtfde 


carboxyanhydjide (7- 
membered ring) 






Fig. 18 


Fig. IS. exi 


o-PolVDeptide 


2,2-diphenylthia2:inanone 
(_5>membered ring) 






Fig- 18 




3-polyDeDti(ie 


z,2-Giiphenylthi»inanone 
(6*membered ring) 






ng- 18 


Fig. 18.6Xe2 


Y-polVDeDtide 

ctr-polypeDtide 
^-polypeptide 


2,2-diphenyJthla2inanone 
(7-membered rinfi) 

amine, thioester 
amine, thioester 






Fig. 18 

Fig. 14 
Fig. 14 




y-polypeptlde 
OHpofypeDtlde 

xjiysuiianamide 


amine, thioester 
amine, thioester 

amine, suifpnic acid 




carbodllmlde 


Fig. 14 
Fig. 14 

Pin i9 

Fig. 21 


Fig. 14. ex.1 


poFyphosDhonate 


di-alcohoJ 


activated 
Phosphonate 








POlyphosphonaie i 


ii-alcohol , 


activated 
alkylphosDhfne 


oxidating reagent. 
e.g. tertr 

butylhydroperoxid 


Fig. 15 




polyphosphate < 

polyphosDhodlester 7 
poiypnosphodiester c 


jl-alcohol 1 

Jioi I 
iiamlnophosphlne c 


i 

diaminoalkoxy*- \ 
3hosphine \ 

tlamlnophosphine c 
Hot c 


oxidating reagent. 
3.g. tertbutyl- 
lydfoperoxlde 

oxidant (ButOOH^ i 
ixldant (ButOOH) 1 


Fig. 15 

Pig. 15 
=ia- 15 


Fig. 15. ex. 6 
rig. 15, ex. 6 
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Hgure 25. Polymws and the ftme.Io«.l entlttas «,„l^ to malce them. 

C. 



poiythloftther 



poivdi'smiide 



Functional Entity . 

[diamine Bfebovanate " 



epoxide 



Catalyatfrfeflq &nt 



thFoepoxfde" 



xi'me 



jaldehvde. h ydroxvlflrtitnA 



jPOlvifnfne 



iPQlylmlne 



aldehyde, amino 



aldehyde, ^ i^g^ 



niMu«. ^i^^ hucieoside-5'-pho5phoro.2 



polyaminfl 



lamina alky i sulfonate^ 



[alkene 



lalkane" 



lalkene 



oxidant 



General Specific 



S5£ 



Hg.i8 FlfT- ie.ex,3 



Fig. 16 



Fig. IT 



Fig. 12, 

ng.2i 



Fig. 12. 
Fig. 21 



Hg.l5 F|g.15,ex, 1 



12, 

Fig. 21^ 



Fig- 14 F iQ, 14, ex.2 



BQ bgg^ioalkane di-dten^ 

JylnylchfofkteunH 



Idl-aikene 
'(benzoquinone^ 



styrene-unit 
jethyiene unit 



Fig. 17 Fig. 17. ex. l" 



Mfl.l7 Fi gri77ex.2 



radical inrtiator, 
A[8N 



Fig. IS 
Fig; 17 



iFig. IS. ex, 7 



j-^g* 17 jpig. 17, ex, f 



33 



16/Oe 2003 HAN 17:04 FAX 



Modtaget 
16 JUKI 2003 
PVS 



01034/039 



Rgure26 



Cloning of specific 
pre- tRNA sequences 
on i^asmids 



ChemlcQl synthesis 
of FE-AA» Standard, 
non-standard ammo 
acfddorpQcudo 
amino acids 



Praparalion of 
plasmid DNA 



Cfeavage of plasmtd 
DNA for run-off 
transcription <0.g, 
FoW) 



Addition of protecUvo 
groups 



1 



Fornralion of 
derivaOvas 



pre-lRNA synthesis 



PurinoaUonof unifonn 
length pre^RNA 



Ligation 



Purify 



. Purification by HPLC or 
oqufvalent technique 



Coupftng and removal 
of proteetlva 0roup(a) 



PurirybyHPLCor 

equivalent technique 



Synthesis of pdCpA 
di-nudeoftle 



Store at -80 <>C 
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An example of a f>«>neral ^tr»^#»r. a h.,n^i>j^ 



U CUCG 




C-G'^G^ 
C-G 
A-U 
G-C 
A-U 
C A 

A 



NNN 



Variable sequence (i.e. anticodon) 



6I095/0S8 
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Examples of anticodon sequences and their corresponding functional entities 



Antlcodftnr r jfy NO2 




I 



OH 




Anticodon^^ tJn NO2 



Spacer 




GP-HIM. 




OH 




AnticodoniGUf; NO2 



Spacer 




OH 





HO" 




Anticodon 04,1 1 IS102 "Nr^ Q 

V 



AgLtiCQd oarGGG 
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Figure 28: Bond formation and linker deavags 




■Template 



EDC/NHS (pH 8,0) 
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R-X 




z 




ETMBRd 
THlOeTHeRS 




♦ RT-'NHi _N 


HN-R- 




H 


— 


H 
R 


tort-AMMES 




R^NMa r 


*'"lC-R" 


-A- 








MIVDROW 
ETHERS 


O-R- 


R^-NHs ' 












P-HYDROXV 
tHlOElHERS 




X - 


jT 

R^» 


-A- 








p-HyoRoxy 

AMINES 


R*— SOjCI 


H 


FT 

R"«Pa-N' 


R 

-A- 


♦ Rr-o- 








R^X ♦ 




**^Rr 










AMIDES 
















AM1DB8 


» COOR. CHO. COR, CONR-^ 



TMtOAMr&sa 

AMIDES 
THIOAMlDfia 

OXIMES 



Dt-ANOTRI- 
FVNCnONAL 
COMPOUNDS 

DI-AKDTRI. 
FUNCTIONAL 
COMPOUNDS 



WPl- 90R, SG^R, Se||Nft*2. CN, ecL 



ATomatteBucleophflicsiibstitHtton Transition m rtai catatyHed reacUans 

SUBSTITUTED AROMATIO COMPOUNOa ^ 




Wo - OxycwH . Htngan- . Suffur- ond Carbon NaelM>phil6« 
X - P. CI Br. J. 080,0^ CSO.TOL. T^fe 

r.2 a COOR, CMO. COR, CONW,, C00\ GN 
Wpl.80R.8OaR.aPaMR-a,.«t ' 



PdX 



♦ Ar-3C P«HP^4 




Addition to carbon^-carboo mmtiylebonifiB 



ETHERS 



♦ R*^ 



] — rn — r 



THIC 
6TH6R6 



AMINES 



AMINES 



Hrraav xydroxvlaminb 

2INES ETHERS 



Ar 



VtMn. SUBSTITUTED 
AROMATIC COMPOUNDS 

ALKYN SUBSTITUTEO 
AROMATIC COMPOUNDS 

BIARYL 
COMPOUNDS 
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^ * rf^ COMPOUMDS 

- COOR . CHO . COR , CONR-, , CN , 
WO,, 80R, SOzR. SOjNR-a.. ^' 
R*. a R-, « z 



OloAKDTRU 
FUNCnONAt 
ALKEN&S 



2 • H, A«yi. Af. 
?-"2r, Aft^li Air, 

r » COOR. CHO. COR, CONRV ON, NO^ 
60j«. SOjMRV OCt 



C^cloaddition to multiple bounds 



R J 1 



R 




fiUBSirrUTED 
OVCLOALKeiOGO 



GUBCTOVTED 



8UB8TJlUJbD 




O R ^ o 




SUBSTmniED 
CYCLOALKBNES 



SUBSrjTUT£0 
CYC1j0ALKBN«$ 



Z « COOR. CHO . COR . COOH COAr CM. NO», 
R -H.AIkyL Ar.Z x - CNtt^CR^ S, 



AddifioB to carbop-hctcro multiple bonds 



+ 



X _ 



vmyiKeionei 
Vkiyl Aldehydes 



eub€(auietfAiiiefl» 



e I 

2, 2? - COOR. Clio, COJt CONR-2. CN, N0>.SOR. 



SubBlHtftad 
Atkcuies 



SUllBttlUtQd 
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^>-R ♦ CH^ ♦ J> R>*^A ^ - <^HO. COR. SOR. SO^ CN. MO^ e«. 

R " k AlUyl. At, 

*«,A« 'iSSaSSS f^;t^ R-»R-.H.AIM.COR. 
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